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THE AMERICAN SOCIETY OF 
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The Societv’s stock of Volume 6 of Transactions is entirely 


exhausted and to supply urgent demands copies will be pur- 
chased at five dollars per volume if delivered at the Society 


rooms prepaid and in good condition. 


THE TRIP THROUGH GERMANY 


The tour through Germany of the efficial party of the Society 
Was fittingly ended on July 9 at Munich, the home of Dr. Oskar 
von Miller, president of the Verein. and the location of the vreat 
German Museum of science and industry, the upbuilding of 
Which has become Dr. von Miller's life work. 

The last event at Munich was a banquet Givel 1 the city in 
the old town hall, which was built before Columbus discovered 
America and which is one of the most beautiful of the old con 
tinental town halls. 

In its associations and surroundings this event was typical of 


other receptions and dinners given by the various cities or by 


the local sections of the Verein deutscher Ingenieure. The first 
was at Hambure held in the Rathaus, or Council Tlouse. Whilk 
this is a modern building, completed in Is42, it is noteworth 


because of its elaborateness and beauty and is comparable with 
our largest state capitols, although undoubtedly much finer than 
any of them in an artistic sense. A similar setting was offered 
in the Giirzenich at Cologne. built in its original form in 1447 


for festivals of the town and the seene of brilliant receptions by 
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Irederick ITI], Maximilian | and other elperors of the fifteenth 
and sixteenth centuries, and in the Rémer in Frankfort where 
the local section of the Verein tendered a luncheon and reception, 
this being the ancient Rathaus in which were crowned the em 
perors of the Holy Roman Empire from Charlemagne in 768 to 
Joseph II in 1792. 

The trip included visits to eleven cities, at each of which was 
accorded a reception far beyond the anticipations of the visitors. 
In the speeches at the banquets a splendid spirit of codperation 
was voiced and a firm conviction of the power of the two great 
nations represented to continue in amicable industrial relations 
and to bring about universal peace in the larger allairs of state. 

While these functions, with their historically interesting set 
tings. were most lmpressive and of the utmost lmportance, the 
greatest pleasure of the trip came from the gracious hospitality 
of the German people and the three weeks of intimate association 
with them. It was very evidently a real pleasure to render the 
services they did to their American friends and to count them 
as friends rather than as mere acquaintances. Their hospitality 
Was always genuine and at times overwhelming and it would |x 
difficult to conceive of greater originality than was di plaved In 
the delightful means devised for the entertainment of the 
guests. Repeatedly some feature was introduced which capti 
vated the American party. Sometimes this was in the form of 
i musical treat such as a concert by the Leipzig symphony o1 
chestra, singing by the famous boy choir of St. Thomas church 
in Leipzig, founded by Bach, and the first in Europe: singing 
by the men’s choral society of Cologne, which has won the prize 
from all Germany for the past two vears: the playing of thx 
bugle COrps, fifty strong, at Diisseldorf. where the buelers, V“\ ith 
instruments hung with flags, plaved in a stirring manner, raising 
or lowering their bugles in unison at the beginning or end of 
each movement: or the dances by the troup of Bavarian peasant 
brought down from the mountains by the Munich section for 
their opening event. 

Very often, however, the entertainment took the form of an 
( riginal production applying directly to the occasion. This may 
have been an original song. or a monologue such as that given 
in a very pleasing manner by a talented young woman at Cologne 
just previous to the trip on the Rhine. who personified the 


Lorelet. The culminating feature of this kind Was an allegorical 
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play at Diisseldorf entitled Der Ring der Arbeit. The piece was 
elaborately staged with a representation of the interior of a steel 
works. On one side was the furnace and on the other a huge 
steam hammer, while in the background were small forges, anvils 
and other apparatus. In the foreground was the representation 
of a full-sized ingot which shortly began to glow with heat as 
fire nymphs from the furnace danced around it. Workmen 
pushed the ingot under the hammer where it was forged to the 
accompaniment of an anvil chorus, and when withdrawn and 
displayed to the audience it had the form of a forged ring, en 
closing and holding together the seals of the two societies and 
the letters V.D.1. and A.S.M.E., with the goddess of liberty ap 
pearing close by. Souvenirs were later presented in the form of 
paper-weights showing in relief the figure of the goddess of lib 
erty and the united seals. 

Throughout it was evident that the members of the Verein and 
their families had given personal attention to many details which 
contributed to everybody's enjoyment. The special train was 
met at the station by the local engineers and several times their 
wives and daughters personally distributed roses to the visiting 
ladies as they walked up the station platform. A similar courtesy 
was shown at several of the banquets, and from start to finish, 
wherever a touch of friendliness could be displayed or personal 
service rendered, it was sure to be added. This spirit was in 
evidence first at Plymouth where several German engineers rose 
at three o'clock in the morning in order to board the boat to 
accompany the American party to Hamburg, and continued 
throughout the trip up to the last day at Munich, where the 
directors of the German Museum presented the Society with a 
telescope made over 100 years ago by the famous Fraunhofer, 
the discoverer of the black lines of the spectrum. 

The trip through Germany was primarily to observe the engi 
neering and industrial work of the nation, and every opportunity 
was atlorded for the inspection of the leading plants of each city. 
In every case the reception was cordial in the extreme and often 
accompanied by elaborate entertainment. Perhaps the most im 
portant visits of this kind were the inspection of the inland 
harbor of Hamburg and the adjacent works of Blohm and Vose. 
who are now building for the Hamburg-American Line the 
steamship Vaterland, which is larger than the Imperator. The 
harbor is 50 miles inland on the river Elbe and excavated almost 
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entirely from land adjacent to the river banks. It is the largest 
in Germany and has the third largest shipping trade in the 
world, with docks to accommodate 450 sea-going vessels and 6400 
coasting and river craft. The crane-handling facilities for which 
the harbor is so well-known were especially interesting, and. it 
is further worthy of note that at a single point were here ob 
served the largest dock, the largest crane and the largest ship in 
construction in the world. 

Scarcely less impressive were the dock facilities Inspected still 
further inland at Duisburg and Ruhrort, constituting the facili 
ties for traffic between the Rhinish Westphahan coal and indus 
trial clistrict and the waterway of the Rhine. These harbors 
have a tonnage much greater than any other inland port in the 
world and only shehtly less than that of Hamburg. 

No attempt will be made at the present time to refer to the 
various manufacturing plants visited except to voice the report 
repeatedly made 1) the visitors of the splendid welfare and edi 
cational work very cvenerally practised Iy (rerman manufac 
turers. 

As is well known there is a series of insurance laws in Get 

any requiring provision to be made for the Insurance and pen 


SI ning of emplovees and for other features calculated to con 


tribute to their comfort and happiness. Many concerns, 
however. @o far bevond the actual require ents of the law and 
provide ideal housing arrangements, medical attention, convales 


1 


cent homes. and facté I"\ conditions. which in cleanliness and 
general attractiveness are almost ideal. The German laws further 
provide for the instruction of young men who have left school 
in the intermediate grades, until IS vears of age. usually by 

eans of a night school. and manufacturers now are providing 


apprentice courses In this connection in which instruction ts 


viven in the trades in separate departments and with it the re 
wired amount of schooling, but during working hours instea 
of in the evening. 

At Leipzig were the two professional sessions of the Verein 
deutscher Ingenieure in which The American Society of Mee han 
ical Engineers participated. The first. held in the Central The 
ater. WAS brilliant event attended by the engineers of both 
nations, eccupying the matin floor, and the ladies who occupied 
the baleonies. The meeting Was honored by the presence ot Kine 


Friedrich August of Saxony and by many noted men in engi 














SOCIETY AFFAIRS ‘ 


neering and sv lenee, alone them (*ount Le yy lin. Phe papers 
presented were Technical Science and Culture of the Present by 
Professor Lan precht, and Engineering Development at dd Mod 
ern Welfare Ly Dr. W. F. M. Goss. President of The American 
Society of Mechanical eneineers. At thi session honor were 
conferred upon George Westinghouse. 

The second session was held in a hall on the erounds of the 
Architectural Exhibit now in progress at Leipzig, with papers 
on Industrial Management by James M. Dodge, Past-President 
of The American Society cf Mechanical Engineers. and o1 
Works Management and Werks Theory by Professor Schlesinge! 
following this was an opportunity for the inspection of the 
exhibition, which is on a large seale. with many buildings and 
numerous model dwellings showing recent ideas in German arch 
tecture and house furnishing 

sesiles these specially assigned papers, several in rtant le 
tures were wiven during the 11 p by Variot muithorities, notabl 
at Hamburg on the Hambure harbor: at Leipzig on the Famous 
Men in Industry, Art. Music and Statecraft who have honors 
the citv: at Berlin on the Relations f the Great Ind tries 
Berlin to those of the United States: at Diisseldorf on the 
Rhinish Westphalian Industries: ut Dn sb re oon the 1) bu 
Ruhrort Harbor: and at several of the industrial 1)I int Visited, 
notably that of A. Borsig. 

Along with the technical features of the ourneyvy were everal 
pleasure trips that were weleomed by the visitor is Torming a 
break in their strenuous i¢ urhney At Leipzig there was a cae 


hehtful trip to the Dastal in Saxon-Switzerland on the river 


Elbe. Here the cuests participated in a little mountain-climbing 
among the high sandstene formations ch give the 1 e to 
this range of hills. From Berlin the partv was taken in uw 
usually fine sight seelng aul mol iles te the Have ! ! evera 
miles out, bevond Charlottenburg. where a steamer was irded 
for a sail through the pieturesque Tlavel lakes int hich the 
river expands. The steamer wa roar panied DV a in il 
ing a bugle corps alengside to render usic. which nel 
more pleasing than where the | ind is on the beat itself i! 
ing was made at the beautiful country-seat of Herr Carl F. von 
Siemens for participation in garden party on his spaci 
frou! ls. handsome lv decorated for the occasion. There was a 


pleasing entertainment by a choral society from tl Siemens al 
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Halske Works and a surprise in the way of a demonstration of 
aeroplane flight by a machine owned by the Minister of War. 
The afternoon spent here was most delightful. 

At Heidelberg, the charming old city among the wooded hills, 
a day’s visit was made to the historic castle, the construction of 
which was begun in the thirteenth century and which was badly 
ruined during the wars on German soil in the seventeenth cen 
tury. One of the noted sights is the illumination of this castle 
at night with colored lights and fireworks, and such an illumina 
tion was arranged for this occasion. 

The last outing was arranged at Munich and consisted of a 
trip on the lake of Starnberg. Mention should also be made of 
the participation in the Fourth of July Celebration, at the 
Kursaal, Bad Homburg, near Frankfort, in the evening of the 
Fourth. The view from the Kursaal is particularly beautiful. 
with large lawn, trees and a distant vista terminating in a 
wooded slope. The extreme grounds were decorated with lan 
terns and later illuminated with fireworks. The celebration i 
cluded a dinner and was under the auspices of this Society. 

In Leipzig, Berlin, Diisseldorf, Cologne, Frankfort and Mann 
heim special automobile trips were planned for the ladies of the 


party. In almost every city private cars were loaned and three 
or four American women were put in the charge of one German 
woman. In Leipzig the ride ended in the exhibition grounds: 
in Berlin it included a visit to the palace, Charlottenburg and 
the mausoleum of Queen Luise, and a delightful luncheon at the 
Grunewald Rennbahn: in Diisseldorf the most interesting part 
of the drive was the visit to the Friedenskirche where not only 
the beautiful frescoes of Gebhardt were to be seen, but the artist 
himself, who explained his paintings in person. During th 
Cologne drive another old church was visited, St. Gereon’s, and 
the American women were entertained at luncheon. 

The women of Frankfort gave their guests an interesting 
drive to the Saalburg, a wonderfully restored old Roman fortress. 
The Mannheim women allowed the American women the privi 
lege of visiting several of their own homes and entertained them 
delightfully, in the last one with tea, music and dancing in the 
natural theatre in the gardens. Besides these automobile trips. 
the American women were given the opportunity of inspecting 
the institutions for the welfare of the worknen of the Friedr. 
Krupp Company at Essen and of visiting various museums and 
invaluable art treasures in the different cities. 
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In closing, the German Museum at Munich should be men 
tioned again, for nothing on the trip was more remarkable than 
this and in the estimation of many it takes precedence over any 
thing seen elsewhere. It was founded only ten vears ago and 
already occupies two large buildings with a wonderfully com 
plete collection of demonstrating models representing the devel 
opment of astronomy, physics, chemistry, metallurgy, mechanics, 
shipping, transportation by rail, and the various branches of the 
sciences and arts. A magnificent new building is now nearly 
ee mpleted for the housing of these exhibits under one roof and 
the visitors of this Society had the pleasure of lunching there 
and of presenting to the Museum at that time a large model of 
the Panama Canal. 

At the final dinner at Munich both Dr. von Miller, President 
of the Verein deutscher Ingenieure and Dr. C. Matschoss. who 
has personally attended to the hanagement of the visit of the 
American engineers, received an ovation. Kvervone was enthu 
siastic in his praises of the splendid hospitality which had been 
shown on ever hand. It seemed Impossible to express the dleep 
feelings of appreciate iF of which all were sensible and the W ish 
Wits expressed, as it had been on previous occasions during the 
trip. that the German engineers might come to America in 1915 
to attend the engineering congress in San Francisco at the time 
of the opening of the Panama Canal and give their American 
friends an opportunity to render them some service in return. 

A con plete account of the German trip and of the meeting | 


Leipzig will be published by the Society at a later date. 








KELVIN MEMORIAL WINDOW 


The memorial window in honor of Lord Kelvin, erected in 
Westminster Abbey by the engineering societies of Europe and 
America, Was unveiled on the afternoon of July 15 and appro 
priately dedicated by the Dean of Westminster, Bishop Rvle. in 
the presence of a large congregation. The Society Was repre 
sented at this ceremony by about forty members. 

The window, which has been placed on the north stile of the 
nave, close to the one erected in 1909 to the memory of Sir Ben 
jamin Baker, was designed and carried out by the same artist, 
Mr. Pf N. Or liper. It overlooks the vTave ot Li rl Kely It}. and 
the lights contain two large figures under canopies, King Henry 
V in armor, and Abbot William Colchester vested as in effigy 
on his tomb in the abbey. Within the canopy above the king 1s 
a picture of his coronation and above the abbot a representation 
of the contemporary story of King Henry V visiting the West 
minster recluse on the night after his father’s death. Both 
lights are framed with borders having niches holding sixteen 
statuettes and thirteen shields relating to them. In front of 
the pedestals of the two large figures are tablets held by angels. 
containing the words. In Memory of Baron Kelvin of “args. 
Engineer, Natural Philosopher, B.1824, D.1907, and beneath, the 
arms of Lord Kelvin and of Glasgow University. 

Preceding the dedication the Dean of Westminster paid a 
short tribute to Lord Kelvin, dwelling upen the extraordinary 
group of Cambridge men with which he was associated. all of 
whom had.not only a good head but a good inheritance. It had 
heen the part of Kelvin to transform to the practical utility of 
mankind the glories of the new fields of knowledge opened lp 
in the Victorian era and the new world of electricity which had 
been discovered. He was never spoilt by fortune in the pursuit 
of his researches and never allowed himself to be a recluse: he 
was always genial and accessible, always humble and unselfish. 
Ne thing Was too sunple for his experiments, nothing too abstruse 
for the powers of his calculation. All threveh his life. in the 

10 
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face of the strone prevailing current of materialism. he pre 
served the simplicity of his early Christian faith. He spoke 
with hun ility of a ereat lian ana Dany could look back with 
gratitude upon the influence of the example of his religious be 
lief which a man of his vigantic intellect furnished to those of 
a vounger generation. One of the inventions which his genius 
succeeded in perfecting was that for submarine telegraphy across 
the Atlantic. and Knglishmen and their American bre thers had 
thereby heen brought into immediate, constant and almost in 
stauntaneous communication. and a sense of brotherhood, whose 
peace had been unbroken for one hundred years and which it 
was to be he ped would so continue, had been materially deep 
ened and strengthened. Kelvin’s name on both sides of the At 
lantic was cne of the most ep ch making in the domain of natu 
ral philosophy. 

A procession Was then formed to the nave where the Dean 
signified his acceptance of the window as part « f the fabric of 
the church. The window was presented to the Abbey 1y Mr. 
R. Elliott Ce oper on behalf cf the donors 

\fter the service the Dean of Westminster and Mrs. Ryle 
recerved the engineers in their home. and a large nu ber ef th 
American party participated in this courtesy. 

In the evening. the societies in London r intly invited the 
American engineers and their ladies to a fete in the Roval Bo 
tanical Society's Giardens in Regents Park. Here a reception 
vas held in the beautifully iluminated gardens and a perforn 
ance of King René’s Daughter was given on the greensward 
amidst natural scenery. Supper was thev served in the marquee 

Mr. Cooper welcomed the guests on the part of the hosts and 
generously gave credit for the part which the American societies 
had taken in the erection of the window. In the absence of both 
Mr. Gates and Mr. Dean, who had expected to be present, Calvin 
W. Rice, Secretary of the S« clety, respe nded and acknowledged 
the further cbligation of the members fer the he spitality of their 
Knglish friends. He warmly invited all to come to America in 
1915 to permit some suitable return of entertainment. He spoke 
also of the in } rtant part the engineer is taking in the worlds 
werk and said that the bringing tcegether of the members of th 


profession Was Instrumental in bringing together the nations 











APPLICATIONS FOR MEMBERSHIP 


The Membership Committee have received applications from the 


following candidates. 


Any member objecting to the election of any 


of these candidates should inform the Secretary before S« pte mber 15 


1913: 


Ames, Joun McEws New Y« N. } Lynn, THomas H., W 
BatLey, CHARLES Epwarp, Cl ! l MeENzI ABRAH I BS I 
BELLI ANDREW LANE, ( bra. C. Z Oram. Ro ( | Ar ( 
Brown, Stuart F., Wt M PARKER, | sW ( | 
CA NDER, Sv} C,OTTFRID, Chile, S. A s z. J I PI | 
CHADWICK, GEOR Al I Ale \ SI Wa \ 
( RKE, Wa oe Fra ( SILBEI Jos | y 
Conti, ANG! Was! n. D. ( S Py ( H ( 
( 1K, CHARLES BANNIST? H ( SPICER, ( W 
( RTENAY, CHar es R., Wa ‘ s ' \ * 
FORTNI CAMD! Paar, Ga c.g s ‘ I s B., J H 
Frick, J Philadelp! I TayLs W > I 
G1Bs0N, FRED! ART H | 1As, W Hy > I 
England RAI | Wy | 
Haines, Pomp G., R rN. Y RINDER, FrRepeERICK J., Ne I ( 
Harpesty, Freperick Sa \ Urmiem, Her ‘i WW 
D. ¢ Wa eR, WILI I 4 I 

Hentey, Wm. Wueeter, Tu mn, Ar W era! ALI ( ( l 
Hloca, James, Amsterdam, N. W esst ( D ( 
Hopkinson, Josepu, Davt O} Ill 
Kucet, H. K., New York, N. WiscH Cal I H [ 

Wi . \ New York, N. ¥ 

PROMOTION FROM ASSOCIATI 

CHAPMA D A., Winthrop, Ma 

PROMOTION FROM JUNIOR 

Braun, Cart I S I ( Miu Eimo J.. H | 
BusSHUNELL, Lt " l s W Mi Ix I i | W 
Ilarcu, Epw Gi wortnu, N \ \ ( 

HouskEErER, Wma. Gi ons, PI | | INS R HH I W 
\irtLer, Epwarp ¢ J P. | Sar Va W | \ 
Wo ( \ ,, Br ( 

SUMMARY 
New app 
Prom n fr \ 














SOCIETY AFFAIRS l: 


LIBRARY GIFTS 


The Library Committee is considering seriously the establish 
ment of branch libraries in several cities in the United States out 
side of New York, or at least the strengthening of the engineer 
ing resources of public libraries existing in these cities. Many 
members of the founder societies have been generous in donations 
of sets of periodicals to the Library. and thus there have accu 
mulated a number of duplicate sets of periodicals. It is hoped 
that any member of the Society who has such sets which he may 
care to donate for this purpose will communicate with Dr. Leon 
ird Waldo, at 49 Wall Street, New York, stating his intention. 
and submitting a list of the material which he may wish to pre 
sent. Periodical sets and sets of society transactions are espe 
cially welcome. 

The Library has recently received a most generous oift of a 
hundred or more books from Mrs. Charles Wallace Hunt, widow 
of the Society's past president, which have been placed in the 
Library’s stacks where they are accessible to readers. The list i: 
too long to be included in the Aecessions to the Library. pub 
lished on ane ther page of The Journal, but it COMMprises Tans 
volumes of technical value and forms a distinct addition to the 
Librarv’s valuable collection. 

















PITOT TUBES FOR GAS MEASUREMENT 


By W. ¢ Rowsl 
ABSTRACT OF PAPER 
A series of eXperiments has bee a \ tin ruthie thy iboratorie 
of the University of Wisconsin to obtain information concerning the reli 
ubility of the pitot tube as a means of measuring gases and to deter 
the accurae Of Various forms of the tistrument which are in Common Use 
All tubes were compared with a Thomas electric gas meter which wa 
taken “ standard of mensurenie 1 SLs V virintth | results wo i 
he due to a wrong method of o ining the strat pressure, simultaneot 
readings were taken of velocity ends show bv the pitot tule wus 
the pitot static pressure and by the ] dyiamic tub ada pole el 
Whi ressure as obtained by the piezometer would not Le affected by the 
form of tube used 
The results, whis ire trented lst ~~’ to 46 iv be dis rr eth, 
s follows 
a The pitot tube " means of y gSes en the 
static pressure is o ed iy orrect oD ] dl en all 
rendings are take with sufficient degree of re ene 
Thre pleZzomelel Ss the Thost re utile vane Soro ing the stati 
pressure 
e¢ Of the various forms of static openings the pitot tube itself 
very small oles i perl ectly smooth surface give the mos 
accurate results. 
d Slots give erroneous static pressures and beveled-end tubes for 
obtaining static pressures are not reliable 
( The German Stauscheibe is a relinble menus of mensuring ses 


























PITOT TUBES FOR GAS MEASUREMENT 
By W. C. Rowse, New York 


Junior Member of the Society 


The measurement of gases is receiving increased attention in 
this country and in Europe. The vast quantities of natural and 
manutactured gas consumed for power, lighting and heating 
must be measured with precisi n not only because of their value 
but because modern business methods demand accuracy. Blow- 
ers and ventilating fans are usually sold under a guarantee that 
they will deliver a certain volume of air or gas under given con 
ditions, but often the two different methods emploved by the 
seller and the purchaser in measurement disagree and neither one 
has indisputable evidence that his method is correct. Other in 
stances might be cited to show the need of more knowledge con- 


cerning the accuracy of various methods of measuring gases. 


Z The pitot tube as a means of measuring gases has been de- 
scribed by many writers and investigaters.'. It has the advan 


tage of being correct in principle, inexpensive, portable, and is 
in general easily applied. But the accuracy of the different forms 
of pitot tubes has k hg heen questioned, the maker of each form 
supposing that his tube is correct. while as a matter of fact no 
two forms of tube agree. There has long been need for a careful. 
scientific study of the pitot tube for the measurement of gas and 
a fair comparison of the different forms in common use. 


> The puurpre se of the experiments which were ade in the 


ID. W. Taylor, Experiments with Ventilating Fans and Dipes. 

Society of Naval Architects and Marine Engineers, November 1905: 
Frank H. Kneeland, Trans. Am. Soc. M. E., vol. 53, p. 1137; G. F. Geb 
hardt, Journal Am. Soc. M. E., November 1909; R. Burnham, Engineering 
News, December 21, 1905; Forrest M. Tow], Columbia University Lectures 
1911: Chas. H. Treat, Trans. Am. Soc. M. E., vol. 34, p. 1019; Thos, R. 
Weymouth, Trans. Am. Soc. M. E., vol. 34, p. 1094. 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
1321 
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laboratories of the University of Wisconsin and which form the 
subject matter of this paper may be stated briefly as follows: 

a ‘To investigate the reliability of the pitot tube as a 
means of measuring gases. 

4 ‘To ascertain which forms of the pitot tube now in com 
mon use give correct and which incorrect results in 
the measurement of gases. 

f It was planned to force air through a pipe 1n which the 


pitot tube to be tested was inserted, together with a standard 
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Fic. 1 SKETCH OF APPAR 


gas meter, known to be correct. This plan as a whole presented 


ho difficulties except the selection of a standard Or meter con 
cerning whose accuracy there c( uld he ho quest lO] 

5 The only fundamentally correct means of measuring di 
rectly the volume of a laren qu initily of flowing eas is the dis 
placement or” holder vs l iethod. A holder of know 1) cdlimensions 


drops a given distance, thus forcing a certain definite volume 


of gas through the discharge pipe, where it is again measured 
by the meter to be tested. The temperature, pressure ind humid 


ity of the OAS both in the holder and at the apparatus to he tested 
must be known in order that both volumes may be reduced to 
the same conditions and thus i fair comparison mav be made 
It is a very difficult matter to obtain fair average readings of 
these quantities, especially of the temperature, because of the 
influence of the water in the holder, of the weather conditions 
outside, and of the large volume of gas in the holder. There 
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are certain periods in the spring and autumn when the tempera 
ture remains practically constant day and night for several day S. 
and this is the only time when holder tests can be made with 
any approach to accuracy. 

6 These considerations, as well as the fact that the holder is 
clumsy, intermittent in action and altogether unsuited for labora- 
tory experiments, made its use as a standard of measurement out 
of the question. 


+ The Thomas electric gas meter! which has been developed 
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Fic. 2 View or FAN AND Moror 


during the last few years and which is described in detail in a 
later portion of this paper, Was used as the standard gas meter 
in the experiments with pitot tubes for the following reasons: 

«a It measures weight of gas, and avoids the difficulties 
inherent in volumetric measurements. 

/ Its measurement of gas depends directly upon the spe 
cific heat of a Was. The specific heat varies but shighthy 
with wide changes in temperature, pressure and hu 
midity. 

Carl C. Thomas: Electric Gas Meter, The Journal, Am. Soc. M. F., De 
cember 1909: Measurement of Gas, Journal of the Franklin Institute. 
November 1911; Some Recent Developments in Gas Measuring Apparatus 
Proc., Am. Gas Inst., vol. 7, 1912. 
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ce Its accuracy is limited only by the exactness of elec 
trical measurements; such measurements can be made 
by engineers with a very great degree of refinement 
with well-known highly developed instruments. 

d@ It has been thoroughly tested by experiments under 
the most varied conditions in this country and abroad; 
some of the results of tests are presented in Appendix 
No. 1, and in every instance it was proven that the 
meter was correct not only in theory hut also in the 
actual measurement of gases. 

é¢ Its operation is very simple, the readings are few and 
can be obtained with the greatest accuracy, while it 


requires almost no attention itself when in use. 
DESCRIPTION OF THLE APPARATUS 


8 The apparatus used in the experiments on pitot tubes is 
shown diagrammatically in Fig. 1 and by photographs in Figs 
2.3 and 4. 

9 A No. 214 Sirocco fan driven by a 714-h. p. direct-current 
shunt-wound motor forces air through the Thomas meter into a 
galvanized iron pipe 12 in. in diameter in which the pitot tube 
to be tested is inserted. 

10 Variable resistances were placed in series with both the 
field and the armature of the motor, thus making possible a wid: 
variation in speed. A stationary tachometer belted to the fan 
was so located that it could be observed at all times by the ex 
perimenter at the pitot tube. The field rheostat was brough 
within reach of the operator so that the fan could be maintained 
at any desired constant speed during a test. 

11 Screens were inserted at the points shown in Fig. 1 in 
order to break up eddies and whirls and to have the air flow as 
nearly parallel as possible at the point where the pitot tube read 
ings were taken. All joints between the Thomas meter and the 
pitot tube were made thoroughly air tight to prevent leakage. 
The barrel of the Thomas meter was lagged by three thicknesses 
of heavy blanket in order to prevent any possibility of error due 
to radiation to or from the meter casing. 

12 The experimenter was stationed directly under the pitot 
tube and all readings were taken at this point. A mercury barom 
eter, hung on the adjacent wall, gave the atmospheric pressure, 


and a manometer inclined at a 10 to 1 slope made it possible to 
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determine accurately the static pressure in the pipe above atmos- 
phere. The dry-bulb thermometer indicated the temperature of 
the air flowing in the pipe and together with the wet-bulb ther- 
mometer gave readings from which the humidity could be de 
termined. 

THE THOMAS ELECTRIC METER 


13 The Thomas electric meter is based on the principle of 

















Fic. 3 View or THoMAS METER 


heating the gas through a known range of ten:perature and meas 
uring the energy required to cause this change in temperature: 
this measured heat is proportional to the weight of gas flowing. 
Electric energy is used as the source of heat as it can be accu- 
rately measured and easily controlled. The temperature range 
is determined by the use of electrical resistance thermometers. 
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If / is the amount of energy in watts supplied to the heating 
coils to raise the temperature of W Ib. of gas per minute through 
¢ deg. fahr., and if s is the specific heat at constant pressure of 
| Ib. of gas, then 
O.05S6864 
W 
ts 

14 The manually controlled Thomas meter used in these ex 

periments is shown diagrammatically in Fig. 5. An electric 











Fig. 4 VIEW TAKEN AT CBSERVER'S STATION 


heater is placed within a casing between two electric resistance 
thermometers 7, and 7. The heater consists of bare resistance 
wire mounted on a fiber frame and evenly distributed over the 
section of the casing. A water rheostat is placed in the heater 
circuit for regulating the direct-current supplied. The energy 
is measured by an ammeter and a voltmeter, both accurately cal 
brated in the standards labe ratory of the electrical department 
of the University of Wisconsin after each series of tests. 

15) The thermemeters consist of nickel resistance wire wound 
on insulated wooden spindles which are evenly distributed over 
the cross-section of the casing. These thermometers were cali 


brated simultaneously by the author by means of a special ap 
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paratus at the plant of The Cutler-Hammer Manufacturing 
Company, Milwaukee, Wis., where the commercial form of the 
Thomas electric meter is manufactured. The results of this eal 
bration are given by the curves in Fig. 26, Appendix No, 2. This 
curve shows the ohms increase in resistance per degree rise in 
temperature for any ordinary temperature. These two thermom 


eters were arranged to form two arms of a Wheatstone bridge. 





teres 
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Water 
Rheostat 











ic. §& DTAGRAM OF THOMAS ELECTRIC METER 


of which the other two arms were fixed resistance coils (G00 ohms 
each). made of wire having a zero temperature coefficient. A 
valvanometer is connected across the Wheatstone bridge thus 
formed and an adjustable clamp contact is provided to balance 
the bridge when no heat is passing through the heater. A small 
resistance Bes also with zero teniperature coeflicient, is arranged 
so that 1t can be placed in or out of series with the entrance ther 
mometer. The resistance /’, used in these experiments was 2.7998 
ohms at all temperatures. 

16 The operation of the meter is as follows: With gas flow 











1328 PITOT TUBES FOR GAS MEASUREMENT 


ing steadily through the meter but with no energy in the heater, 
and with /, out of circuit, the Wheatstone bridge is balanced by 
means of the adjustable clamp contact. Then the resistance /, 
is put in circuit and suflicient electrical energy is supplied to the 
heater to bring the galvanometer to a balance again. This bal- 
anced state can be attained only by bringing the exit gas to such 
a temperature above that of the entering Vas that the resistance 
of thermometer 7’, has increased 2.7998 ohms above the resistance 
of the thermometer 7’,.. The required increase in temperature of 
the gas varies slightly with the average gas temperature and may 
be found from the curve in Fig. 26, Appendix No. 2. The elec- 
trical measuring instruments in the heater circuit indicate the 
energy input which has been required to raise the temperature 
of the gas through the known range. The pounds of gas flow 
Ing per minute can then be found by the equation given in th 
preceding description. 

lf ‘The experimental work to be described was done after 
about two years” experience Vv th the Thomas meter as a piece of 
regular laboratory apparatus, during which time its accuracy had 
been fully established. 


PHE PITOT TUBES 


18 The pitot tube is a well-known measuring instrument and 
needs only a brief description. It consists essentially of LWo 
parts: a dynamic tube pointing upstream which converts the sum 


— 


of the pressure energy and the velocity energy into a head which 


may be measured; and a means of determining the pressure head 


(or static pressure ) alone. The ditference between the dynamic 
head and the static pressure head is the veloc ity head A in the 
fundamental formula for the flow of fluids 
Z gh 
where 
v velocity in ft. per sec nd 
7) 32.2 ft. per second per second 


h mean velocity head in ft. of the fluid flowing 
19 It has been satisfactorily proved and accepted that the 
dynamic tube gives the correct pressure if the tube points par- 
allel to the current. But it is a very difficult matter to obtain 
the correct static pressure on account of secondary velocity effects. 
Therefore the study of the accuracy of the pitot tube resolves 
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itself into a study of the correct method of obtaining the static 
pressure at the given cross-section where the tube is inserted. 

20 Each pitot tube tested had as a part of the tube a means 
of determining the static pressure, and readings of the velocity 
head were obtained by using this pitot tube static pressure. Si 
multaneous readings of the velocity head were obtained by using 
a plezometer ring for the static pressure together with the dy 
namic tube of the pitot tube under test. This is further illus 
trated by reference to Fig. 1. Manometer B gives the velocity 
head by using the plezometer static pressure, and manometer ¢ 


gives the velocity head by using the pitot tube static pressure. 
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In both cases the same dynamic tube pressure is used. This piezo 
meter, even if it were possible to be in error, would always indi 
cate the same pressure under the same conditions irrespective of 
the tube under test and thus it afforded an additional means of 
comparison independent of the Thomas meter. 

21 The piezometer is shown in Fig. 1 and Fig. 7 and is simply 
an absolutely air-tight annular space about the pipe, connected 
with the interior of the pipe by six small holes 0.04 in. in di- 
ameter. 

22 The velocity of a gas flowing through a pipe is much 
creater at the center than near the walls of the pipe.’ In addi- 


* Loeb, Journal American Society of Naval Engineers, 1912, p. 1115. 
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tion, it was apparent from the tests that the gas flows through 
the pipe with a wave or spiral motion even when many screens 


are inserted to straighten out the stream lines. Therefore. it was 
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necessary to take a large number of readings across two diam 
eters of the pipe. The total area of the pipe was div ided into 
five concentric annular areas and four readings of the velocity 
head were obtained in each test at the center of each annular 


area, thus giving 20 readings from which the mean velocity head 
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could be calculated. Since the velocity varies as the square 
root of the velocity head it was necessary to average the square 
roots of each of the 20 readings, and the square of this aver 
age represented the mean velocity head. The positions on the 
6 


ciiameter aut which the readings were taken are shown in Fig, 
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Readings were also taken at the 


center of the pipe in order to 
determine if any definite relation existed between the mean veloc 
ity head and the velocity head at the center of the pipe. 

2? The pitot tube under test was held in place by means 


of a brass bushing or holder which could be fastened by screws 


to brass facings soldered to the outside of the galvanized air 
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pipe. The facings were 90 deg. apart, thus permitting reading 
to be taken on both the horizontal and vertical diameters. Each 
pitot tube was first carefully centered in the pipe and a dowel 
hole bored in the shank corresponding to a hole in the holder. 
Ten other holes were bored in the shank at the proper distances 
either side of the center (see Fig. 6), so that by the use of a dowel 
pin the pitot tube could be quickly and accurately placed in its 
proper positions in the tube. 
peed 


23° «~The pitot tubes tested in these experiments may be de 
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lic. 11 DIMENSIONED SKETCH OF PIToT TI 


scribed briefly as follows: Tubes A. B.C. DP, E.G and 7 are 


shown by sketches in Migs. 7jands An experime ntal pitot tube 


was constructed as shown in ig. 7 with a removable outer tube 


which contains the static opening. By inserting different outer 


tubes the seven pitot tubes shown in Fig. 8 were made. ‘Tub 
A, B and @ are alike except for the length of the static slot. 
Tubes J) and £ are like tube ¢ except for the thickness of the 
outer tube as shown in Fig. 8. ‘Tubes G and // have small holes 


0.02 in. in diameter for the static openings. 


24 Tubes XY and Y were loaned to the University of Wiscon 
sin through the courtesy of Mr. F. R. Still of the American 


Blower Company. Tube , Fig. 9, was made from a drawing 




















W. C. ROWSE 1333 


furnished by Captain D. W. Taylor, U.S. N.; this form of tube 
is used as a standard for ventilation work by the United States 
Navy. Tube Y, Fig. 10, is the standard tube of the American 
Blower Company, and was developed by Mr. Chas. H. Treat, 
who has thoroughly tested the tube for accuracy. 


25 Tubes A and L, Fig. 11, were constructed from descrip 
tions of the tubes developed by Prof. G. D. Gebhardt? of the 


Armour Institute of Technology. These were alike except that 


the static opening of the tube A’ was beveled to 45 deg., while in 
tube L, the static opening was flatter, being beveled to an angle 
of 50 deg. as shown in Fig. 11. 


j : 
’ j f f 


so ! 


“6 The “ Stauscheibe,” * Fig. 12, has been widely used for sev 


eral years In Germany and the experiments on this early form of 
pitot tube will be of interest for purposes of comparison. 


GAGES FOR MEASURING THE VELOCITY HEADS 


Zé The velocity heads measured were very small quantities, 


ranging from 0.08 in. to 1.6 in. of gasolene, so that gages of 


Capt. D. W. Taylor; Soc. Naval Architects & Marine 

?Chas. H. Treat; Measurement of Air il 
M. E., Vol. 34, p. 1019. 

‘Trans. Am. Soc. M. E., Vol. 31, p. 601. 


Engrs., Nov. 1905. 
1 Fan Work, Trans Am. Soc. 


*Reitschel: Versuche uber den Widerstand bei Bewegung der Luft in 
Rohrleitungen. Gesundheits Ingenieur, Festhummer July 1905. Marx; 
Uber die Messung von Luftgeschwindigkeiten. Gesundheits Ingenieur 1904. 
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unusual accuracy had to be used. From previous experience it 
was known that the inclined manometer when properly con 
structed and carefully calibrated would give readings which were 
correct within the required limits of error. Two gages were 
therefore constructed as shown by sketch in Fig. 13. The glass 
tubes were approximately 0.575 in. outside diameter and were 


selected with the oreatest Care from a large sti ek, speci il atten 


= } 
° i 
a —r | 
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hu ] SIX I li ¢ » Ni | | 
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J 
2} 
Ric. 14 D1 N look GAGE USED AS STAN 
tion being eviven to straightness, uniformity of bore and freedom 


from flaws. These gages were placed at a ten to one slope by 
means of an accurate template and a spirit level which was cor 
rect to 0.002 in. in 10 in. They were calibrated before and after 
each series of runs by means of the differential hook gage and 
micrometer, shown in Fig. 14. A few such representative calibra 
tions are given in the Table 1. 

25 A sliding scale made it possible to read the velocity head 
directly. Gasolene was used as a manometer fluid because it 


automatically kept the inside of the glass tubes clean, had a very 
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definite meniscus and had almost no capillary attraction for the 
glass. Several preliminary tests were run to determine whether 
the vapor tension of the gasolene vapor affected the readings. 
The manometers were first made to check each other when both 
contained gasolene and then the same pressure Was measured 
when one manometer was filled with gasolene and the other with 
kerosene. Identical pressure readings were obtained with kero 


rasolene. It. therefore. seemed evident that the 


sene as with 


rABLI SAMPLE CALIBRATIONS OF MANOMETEI BAND ¢ 
| ( 
~ 1.863 _ 


Vapor tension of eithe vapor in the manometer had no apprecl 


able eifect on the accuracy ¢ f the readings. 
ead Phe laroe bore of the glass tubes (about 1 in. Inside «i 


nineter) reduced any effect of capillary attraction to a negligible 


f air which made the gages 


quantity and provided a reservoir « 
less sensitive to minor variations in the velocity head and there 
fore facilitated accurate reading. 
DESCRIPTIONS OF THTE EXPERIMENTS 
30 The general pl in of the experiments was to calibrate each 
pitat tube against the Thomas meter under approximately simi 


lar conditiens. Two series of erent or nine tests each were made 


with each tube. one series heing made with the end of the pipe 


open (full gate), which provided the condition of high velocity 
with low static pressure: and the other series being made with 


the opening in the end of the pipe restricted to one-half the pipe 
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area (half gate), thus providing the condition of low velocity 
and high static pressure. During each test the speed of the fan 
was kept constant for the length of time necessary to obtain all 
readings (20 to 30 minutes). 

31 The procedure was as follows: The Thomas meter was 
“balanced ” by causing air to flow through the pipe when there 
was no current flowing through the heater and the resistance FP, 
(Fig. 5) was out of circuit; and by moving the adjustable clamp 
contact until the galvanometer came to a balance. Several half 
days were consumed in checking and rechecking the first balance 
point, but ordinarily 30 minutes preceding and following a series 
of tests was sufficient to show that it had not changed. At fre- 
quent intervals a half dav’s run was made to check the original 
balance point. After the Thomas meter was once balanced it was 
found that it was not necessary to move the adjustable clamp 
contact again, showing that the electrical apparatus was not af- 
fected appreciably by a change in temperature from 60 deg. to 
100 deg. fahr. 

32 Manometers BP and (. Fig. 1 and 13. were filled with gaso 
lene of known specific gravity and carefully adjusted until their 
readings agreed on the average with the differential heok gag: 
Fig. 14. The pitot tube was tested for leaks, placed in position 
in the pipe and properly connected to the manometers by small 
rubber tubing, after which this rubber tubing was tested for 
air leaks. 

33 When all was in readiness the fan was brought to the 
speed desired for the first test. the resistance PR, (Fig. 5) was 
placed in the thermometer circuit of the Thomas meter, the 
switch to the heater circuit was closed and the electrical energy 
to the heater regulated by the water rheostat until the galvano- 
meter again came to a balance. Then keeping the speed constant 
and the galvanometer balanced, the pitot tube was placed suc- 
cessively at the proper points across the two diameters of the 
pipe and readings of the velocity head were obtained at each 
point. During the intervals when the manometers were coming 
to rest all necessary readings of pressure, temperature, revolu- 
tions per minute of fan, taken by a hand revolution counter, and 
volts and amperes in the heater circuit of the Thomas meter were 
obtained. The fact that the direct current used was furnished bv 
a turbo-generator set having excellent voltage regulation and 
which supplied current for no other machines, contributed greatly 
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to the constancy of conditions and to the ease of obtaining accu 
rate data. 

34 When all data had been obtained for the first test the 
speed of the fan Was increased until the tachometer needle 
pointed to the next determined speed, the current to the Thomas 
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meter was regulated until the galvanometer balanced and then 
all readings were obtained as before. 
35 <At the end of a dav’s run the resistance R, (Fig. 5) was 


cut out of circuit and the Thomas meter balanced with no current 
flowing through the heater, the manometers 2 and C were call- 
brated by means of the differential hook gage and the gasolene 
emptied out of the manometers to check its specific gravity. 
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LIMITS OF ACCURACY 
36 The greatest possible error in the Thomas meter was the 


personal error of reading the volts and amperes to the heater 
and this error 1s estimated to be under 1/10 of 1 per cent. The 
thermometers used were carefully selected and calibrated by 
means of a standard thermometer from the Bureau of Standards, 
and were known to be accurate for the temperatures read during 
these experiments. The static and barometric 


pressures were 


readable to within 1/20 of 1 per cent. 
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1, of the manometers 7? and ( used to find the pitot tube veloc 


ity heads, it will be seen that the manometer readings may be in 
| per cent. 
of air flowing through the pipe varies as the square root of the 


error on the average as much as Since the velocity 


velocity head, an error of | per cent in the velocity head means 


an error of ly, of 1 per cent in the velocity itself. 


» 
Ste. 


The accuracy of the measuring instruments used is much 


‘ 
« 


greater than can be expected from the pitot tube as a means of 


measuring gases, due to the uncontrollable variation in the air 
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flow. The considerations which may prevent even an absolutely 
correct pitot tube from giving true results are as follows: 

a The air flows through the pipe in a wave or spiral 
motion and at no time is the velocity uniformly dis 
tributed across the pipe, being greater in one quartet 
than in the other three quarters; the quarter of high 
est velocities may o1 may not be on the diameters 
where pitot tube readings are being taken. 

4 The velocities on the diameters where pitot tube read 
ings are being taken may be constantly varying dur 
ing the period of time necessary to obtain the read 
ings: thus the average of all readings may be slightly 
too large or too small. 

The air flow can only approach, never reach, the ideal 
conditions of parallel flow, and the pitot tube is cor 
rect, theoretically, only when the tube is exactly par 
allel to the current of air. 

59 From these considerations. together with the author’s ex 
perience in this line of work. it is estimated that the results ob 
tained in measuring gases by an absolutely correct pitot tube may 
vary 1 per cent, more or less, from the correct results. Of course, 
the average of a large number of tests should be more nearly cor 
rect than this, for the plus errors will probably neutralize the 
minus errors. 

10 The Thomas meter is not affected by any of these irregular 
ities in air flow because the resistance thermometers in the form 
of screens across the @as passage automatically integrate the 
varving temperature differences resulting from heating a non 
uniform current of gas or air (see Appendix No. 1). 

CALCULATIONS 

11 Not only was every precaution taken to obtain correct 
data. but the ealeulations were made with the same degree of 
refinement. Since the obtaining of accurate results by both the 
Thomas meter and the pitot tube depended upon the use of cor 
rect values of the properties of air, a thorough study was made 
of these. As a result of this study the anthor devised and con 
structed the large chart shown in Appendix No. 3, values taken 
from which agree almost exactly with the tables published by the 
Department of the Navy.’ This chart is not onlv an exceeding!1\ 


onstruction and Repair Genera Speci fic i 


'Dept. of Navy, Bureau of C 
tions, Appendix 8: Instructions for Calculating and Testing Ventilatior 


System, 1908. 
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valuable aid in making calculations involving the properties of 
air, but it also presents these properties in what is thought to be 
a new graphical form. The basis of the calculations and the 
sources of information are given in the chart itself. The de- 
tailed calculations of the results of the experiments on pitot tubes 
are given in Appendix No. 2. 

RESULTS 

42 The results of the experiments on pitot tubes are presented 
in Tables 2 to 15 inclusive and graphically in Figs. 17 to 25 in- 
clusive. In order that the tabulated results may be thoroughly 
understood a brief explanation is necessary. 

43 The test number, Column 26, is given for purposes of iden 
tification and is further explained in Appendix No. 2. The cubic 
feet of air per minute by all three methods, i.e., by the Thomas 
meter, by the pitot tube alone and by the pitot dynamic tube to- 
gether with the piezometer, are given in columns 28, 29, 30, and 
are all reduced to the conditions of temperature, pressure and 
humidity as determined at the section where the pitot tube is 





inserted. | 
44 Columns 31 to 35 inclusive are explained by their use in 
the following formulae: 
Yai 
C,— MC,orM 0. 
, aaa _. Os 
C,=NC,orA 0. 
( ( Cs 
# ) i or (/ - 
, ; : h 
y= Vga V 2qUh, orl i. 
: : h. 
V,= V 2gh, = V 2gZh, or Z = = 
j 2 


where 

C, = cu. ft. of air per minute by Thomas meter 

C, = cu. ft. of air per minute by the pitot tube using the 
pitot static pressure 

C(, = cu. ft, of air per minute by the pitot tube using the 

C, — cu. ft. of air per minute by pitot dynamic tube and 
the piezometer static pressure 

V, and V, = velocity of the air flowing in ft. per sec. 

h, = mean velocity head in ft. of air flowing, obtained by 
the pitot tube using the pitot static pressure 

















W. C. ROWSE 1341 


velocity head in ft. of air at the center of the pipe 
obtained in the same manner as h, 

h mean velocity head in ft. of air flowing, obtained by 
the pitot dynamic tube and the piezometer static pres 
sure 

h velocity head in ft. of air at the center of the pipe, 
obtained in the same manner as h, 

15 MM and SN are therefore coeflicients by which the actual re 
sults obtained by the pitot tube must be multiplied to obtain the 
correct flow of as. V gives the coeflicient by which the results 
from the pitot tube alone must be multiphed to obtain the same 
discharge as that shown by the pitot dynamic tube and the 
plezometer. l’ and Z state the relations between the velocity 
head at the center of the pipe and the mean velocity head as de- 
termined by the two methods used in the experiments, 

16 From a study of the summary, Table 2, the following gen 
eral results and conclusions niay be stated: 

a The pitot tube as a means of measuring vases is reli 
able within approximately 1 per cent when the static 
pressure is correctly obtained and when all readings 
are taken with a sufficient degree of refinement: in 
order to obtain this degree of accuracy the pitot tube 
should be preceded by a length of pipe 20 to 58 times 
the pipe diameter in order to make the flow of gas as 
nearly uniform across the section of the pipe as pos 
sible. 

4 All the methods of obtaining the dynamic head used 
in these experiments, including the Stauscheibe. vive 
accurate results. 

The most reliable and accurate means of obtaining the 
static pressure is the pie zometer or its equivalent, the 
results of 138 separate tests using the plezometer 
static pressure agreeing with the Thomas meter with 
in an average of 0.33 per cent; these results show be 
yond any doubt that the static pressure is constant 
across any section of a pipe in which gas is flowing 
at a uniform rate. 

d Of the methods of obtaining the static pressure by the 
pitot tube itself, the most reliable and accurate is by 
means of a very small hole in a perfectly smooth sur 
face, as in pitot tube Y. 

e The long slots for obtaining the static pressure are 
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not reliable and give results which are in error from 
3.5 to 10 per cent. The fact that slots do not give cor- 
rect results is further illustrated by Fig. 15. The 
length of the slots or the thickness of the outer tube 
do not appear to affect the accuracy of the tube. 

f ‘The beveled tube for obtaining the static pressure as 
used in pitot tubes A and Z is not reliable. A very 
sheht change in the angle of bevel produces an appre 
clable change in the result. In taking a traverse of 
a pipe the sides of the pipe affect the readings. But 
the greatest error is produced by the uncertainty as to 
whether the tube is pointing directly upstream. The 
effect of allowing the tube to point at an angle with the 
direction of flow is shown by Fig. 16, where it is seen 
that if the tube is off 20 dee. in one direction an error 
of 85 per cent in the velocity head is introduced. 

q ‘The Stauscheibe gives accurate results using either the 
static reading from the Stauscheibe and the special 
formula (Par. 79): or by using the piezometer static 
with the usual formula for the pitot tubes. In the 
first case the agreement is within 1.4 per cent and in 
the second within 0.16 per cent, as shown in Table 15 
and ig. 25. 

i It appears that an approximate relation exists between 
the mean velocity head of a gas flowing through the 
pipe and the velocity head found by placing the tube 
at the center of the pipe. For a 12-in. galvanized iron 
pipe results within 2 per cent may be expected from 


using the formula 


y V (2a) (0.80) A 
c 
where 
” velocity in ft. per second 
O 39° ft. per second per second 
h velocity head in in. of gasolene at the center of the 


pipe obtained in a correct manner 

17 The writer wishes to acknowledge the valuable help and 
suggestions given by Professors Carl. C. Thomas and <A. G. 
Christie of the University of Wisconsin, and by Mr. J. C. Wilson, 
whose untiring interest made possible the success of these experi 
ments. He also wishes to acknowledge his indebtedness to Mr. F, 
Lorig. who aided in obtaining much of the data, and to others 
who loaned or contributed apparatus or suggestions. 
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rs Of 


PITOT Tl 
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Cu. Fr. or Ark per Min. 





Vl N Q l Z 
| tot Tube | 
Test R.p.m. Pitot ~~ 
No. of Fan | Thomas 
Meter : Using 
| C1 Using | Piez P , Ca ‘ 
Pitot eter : ~ 
| Static Static C2 ( ( 207) 
} C Cs 
26 27 8 29 0 31 32 33 4 

| 
B-1-} 780 1622 { 1 056 0 802 ) 
B-2-} 877 1792 889 1.0 08 0 78 
B-3-I 944 1960 RO 1 061 0 RQ { RR 
BH4-]I 1023 2140 65 1.058 ) 797 0 ) 
B-5-1 1110 2317 170 1.058 | 0.800 9 
B-6-I 1194 2488 2660 1 068 0.808 Ve 
B-7-1 1275 2650 2835 1.069 0.8 8 
B-S-|I 1375 2R20 2040 1 o7¢ 0 8 ) 
B-9-} 1458 s00 3240 1. O7¢ 0.81 79 
Average 1.0639 0 & ) QR 
B-1 2 784 1020 l 0 1.030 O TRE 0 QR 
B-2-\4 870 1118 1163 1.039 0.784 0.783 
B-3-\4 950 217 1280 1.050 0.788 0 202 
B-4-'4 1030 1318 1377 1.045 0.792 0 g 
B-5-\4 1104 1432 1508 1.053 0.813 0.798 
B-6-} 1185 1540 1628 1.057 0.810 0.790 
B-7-\%4 1266 1648 1740 1.056 0.805 0.785 
B-8-'4 1348 1760 1875 1.064 0.810 0.798 
B-9-14 1447 1883 2010 1.068 0.809 0.797 
Average 1.0513 0.7986 0.7910 
Net Average 1.0576 0.8019) 0.7898 
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RESULTS OF PITOT TUBE *¢ 
iY ty 
| } 
c 3 

= — 

| | Cu. Fr. or Arr PER MIN 

VU | \ Q 7 

| 

Test | t.p.m. Pitot Tub 
No. of Fan | Thomas —— 
Meter Using 

C1 Using | Piezo- ( ( Cs s |< 

| Pitot meter —_ 

| Static Sy atic ‘ ‘ . . 

f 
f 
26 27 58 2v () 51 - 

*C-1-F +e | 
*C-2-I 850 1693 1657 1708 1.022 0.992 1 ) 0 R209 
*('-3-F 915 | 1850 1818 1872 1.018 0.989 1.030 ). 801 0 
*C—4-F 994 2025 1970 2039 | 1.027 0.99 1 gna 
*C-5-F 1068 2202 2133 2210 1.032 | 0.996 1.034 ws | 9 
*C-6-F 1150 2370 2297 2385 1.0 0.994 1 .( 0.5 
*C-7-F 1214 2540 2468 2560 1.029 0.994 1.036 0.8 ) 

| 
*C-8-F | 1290 2720 2633 2740 1.033 0.994 1.040 0.814 0 
*('~9—-F 1385 2935 2820 2955 1.040 0.994 1.027 0.81 
Average 1.0292 0.9932 1.0336 0.8 0 
*C'-1-l, : a+ - | . 
*C-2-% | 847 1143 1105 1126 1.033 1.015 1.020 5 ‘ 
*C-3-ly | 914 1233 1202 | 1239 | 1.025 0.996 1.030 | 0.808 0 
*C-4-l4 987 | 1326 1290 1340 | 1.029 0.990 1.037 0. SUS 

| 
*C-5-l4 1066 1440 1386 1448 1.040 0.996 1.044 | 0.81 0 
*C-6-44 | 1145 | 1544 1479 | 1553 | 1.044 0.995 1.049 | 0.817 0 
*C-7-'4 1214 1643 1575 1658 1.043 0.992 1.052 0.3505 VU 
*C-8-4 1298 1773 1675 1780 1.058 0.996 1. Of |} 0.802 0 
*('Qg-1 1386 1885 1800 1890 | 1.047 0.998 l {) 0.818 0 
j | 

Average | 1.0399; 0.9972 1.0431 0.8106, 0O 
Net Average 0.9952) 1.0384] 0.8107 
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VM \ Q 
lest R.p.m. Pitot Tul 
No. of Fan rhomas 
Meter Using 
, | ing | = 
Pitot ( ( ( ( 18 
St a ( ~C ( ( 9 
f 
f 
6 27 8 29 0) 3 2 
D-1-} 792 158 1620 1.024 0.779 
D-2-} 873 1752 1805 1 ( 0.789 
D-3-I 954 1932 200 1 ) ”) 
D-4-F 1029 100 160 ’ N 79 
D-5-I 1118 2295 236 ) ) 
D-6-1I 1202 2470 2550 1 ( ( ) 
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D-8-F 1377 2850 150 1 0 
D-9-] 1465 O45 5150 | ye 
Average 
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Net Average 1. O3¢ 0 
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TABLE 8 RESULTS OF PITOT TUBE F 
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N Fan rt nas 
Meter Using 
Using 
( ne Piez ( ( ( ( Is | ¢ 19 
Pitot ommates ~ a 
Ss ( ( ( ( 1. 2 ( 21 
Static 
( ( 
{ ~ 2U ) l y 1 
] | ’ 77 1626 1.031 0) { 0.779 
/ } R72 1730 1707 1. 039 0) } 0 781 
f I sD | 1895 19; 1.042 0.45 0.786 
} 1—} OO) 21 044 0) ’ 0 4] 
| ‘ 2942 23 050 0 x7 0 7R7 
E-6-1 202 2418 204 056 0.788 0.758 
} | ~ 9502 27 lf 4 0. 788 0 7o0 
} x] ~ a0 On) 1.039 0. 792 0.793 
E-9-1 } 050 155 1.0 0.791 0.795 
\ 1.0429 0.7859 0.7879 


/ 1068 1057 1.050 | 0.790 | 0.80 

} s 1130 List 1.040 0.755 0. S02 
I ) 1224 1276 1. O42 0.75 0.799 
kA Lost 1324 1385 1.046 0.785 0.795 
I 11] 1440 1515 1.0 0.7358 0 SO 
kt 1201 1548 16.30 1. OO O.790 0.708 
/ 1284 1655 1760 1. 063 0. 700 0.79 
E-S S 1777 1895 1.065 Te 0.808 
} ’ OS 1SY0 2040 1.079 0. SO 0 SIS 
\ 1.0549 0.7910! 0.7917 
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TABLE 9 RESULTS OF PITOT TUBE X 
Qu ee 
Cu. Fr. or Air PER Min, 
M \ Q 
Test 2.p.m. | Pitot Tube 
No of Fan | Thomas onan 
Meter Using 
C: Using Pies- C; ‘ Ce i 
Pitot ometer — : a 
Static Static C2 Cs ( of. 20 
C Cs 
26 27 28 29 0 31 32 33 34 
xX-1-I 807 1605 1510 1650 1.062 0.97 1.092 0.798 
X-2-I 888 1800 1655 1825 1.087 0.987 1.102 0.794 
X-3-I 963 1962 1805 2000 1.087 0.982 1.108 0.793 
xX-—4-I 1046 2140 1975 2180 1.083 0.98: 1.1 0 793 
X-5-I 1135 2345 2125 2380 1.102 0.985 1.12 0.770 
X-6-I 1229 2545 2280 2562 1.115 0.993 1.123 5 
X-7-I 1311 2745 2455 2740 1.117 1.002 1.116 0 2 
X-8-I 1410 2940 2625 2970 1.120 0.991 1.130 ( 4 
X-9-I 1496 3145 2785 3165 1.128 0.993 1.135 0.777 
Average.. 1.1001 0.9877 1.1143! 0.7836 
X-1-\% 785 1047 958 1037 1.093 1.010 1.083 0.738 
X-2-\% 876 1161 1060 1153 1.095 1.007 1.088 0 1 
X-3-\4 O54 1270 1156 1260 1.098 1.007 1.090 0.757 
X-4-\% 1028 1378 1256 1380 1.098 0.999 1.098 0.755 
X-5-% | 1120 1490 1363 1488 1.094 1.001 1.093 0.755 
xX-6-! 1195 1595 1457 1609 1.095 0.992 1.103 0 758 
X-7-% 1288 1713 1557 723 1.100 0.994 1.105 0.760 
xX-8-! 1370 1834 1670 1870 1.099 0.983 1.120 0.765 
xX-9-'4 1460 1960 1775 1996 1.103 0.983 1.124 0.767 
Average.. 1.0972 0.9973 1.1004 0.7562 
Net Average 1.0987, 0.9925 1.1074) 0.7696 
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TABLE 11 RESULTS OF PITOT TUBE H 











1 


Cu. Fr. or Arr PER MIN, 





Vu N Q i Z 
Test R.p.m. Pitot Tube 
. f Fan |,. 
No = ” | Thomas 
Meter : Using 
C Using Piez C; Cs 18 " 
Pitot ometer - 
static Static C2 s C2 L. aU 21 
C Cs 
26 24 28 9 0 31 2 3 4 
H-1-} ~ - 
H-2-F 872 1930 1922 1912 1.003 1.008 0.998 0.803 0.798 
H-3-F 947 2108 2123 2 0.993 0.993 1.000 0.830 0.826 
H-4-F 1024 2300 2275 29269 1.010 1.013 0.998 0.796 0.790 
H-5-} 1110 2508 2465 2463 1.017 1.018 0.999 0.795 0.792 
H-6-F 1195 2710 2656 2653 1.016 1.017 0.999 0.792 0.790 
H-7-} 273 2910 2855 2855 1.019 1.019 1.000 ) 799 0.798 
H-8-} 1375 3120 3062 3060 1.018 1.019 0.999 ) 800 0.800 
H-9-F 1456 3330 3265 3270 1.019 1.018 1.001 0.798 0.803 
A verag 1.0120 1.0131 0.9992 0 SOl1¢ 0.7996 
H-1 
H-2-} 870 1203 1170 17¢ 1.026 1.02 1.006 0.788 0.79 
H-3-! 948 1313 1274 1284 1.028 1.021 1.007 0.775 0.780 
H-~-4-\% 1029 1425 1390 140: 1.025 1.015 1.010 0.787 0.787 
H-5-\4 1110 1570 152 1535 1.030 1.022 1.007 0.802 0.791 
H-6-\4 LISS 1685 6 1654 1.036 1.018 1.020 ( 17 0.795 
H-7-} 1265 1793 1738 1763 1.032 1.016 1.013 0.79 0.791 
H-8—'4 1360 1932 IS7/ LYLO 1.033 1.010 1.021 0 1s 0.801 
H-9 1454 2072 LYS6 2040 1.043 1.013 1.026 0.789 0.796 
Average.... 1.0316} 1.0172] 1.0137| 0.7915; 0.7917 
Net Average 1.0218) 1.0152 1.0065 | 0.7966) 0.7957 
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TABLE 12 RESULTS OF PITOT TUBE } 
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rABLE 14 ESULT OF PITO 
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APPENDIX NO. 1 


pitot tubes within OQ.42 per cel 


reESTS A NST LLOLDERS 

51 =A Thomas meter is used to measure the gas in the common d 
ine from the booster station of the M aukee Gas Light Compar 
holder tests were made with the greatest care on October 15 and J 
at a time when the temperature had remained constant du 5 I 
and night for several days. ‘T’wo different holders were used. O 
was made at the maximum capacity of the meter when the gas w 


pumped from the large holder through the meter 


10 in. of water A second test was made at the min 


PHE ACCURAC O PiLOMA 

iS The Thomas meter has bee rou! tested unde 
tious of service and a few of the tests are brietly referred to in the 
Ing notes in order to show that it is a reliable and curate mie 
measuring gases and that its use as st dard mete these expel 
With pitot tubes was justified 

LESTS \ L\INSI { Libs kbp PilOo Lt S 

1%) A Thomas meter was tested by the People s Natura Gas (¢ 
of Pittsburgh at their Brave Pumping Station, in a 10-in, sucti 
the gas wells to the pump and in series with a pitot tube st 
latter was located a mile and a half from the pumping statio 
electric meter was installed and every precaution was taken t 
leakage in the intervening pipe ( rhis pitot tube station was 
oped after years of experiment and at great expense. The pitot 
the station were carefu ca rated under wor g conditions a 
known to give accurate results whe the calibration constants were 

D0 A 45-day test was run, from April 7 to June 5, 1911, during 
period the rate of flow varied from 90,000 to 640,000 cu. ft. per he 
pressure of the gas varied fro i to 185 Ib. gage and the te 
varied from 45 to 65 deg. fahr fhe results were slows 
Total standard cu. tt. of gas by p 
lotal standard cu. ft. of gas | I 
Differen 
Per cent of differe: 
A year later a test of the samy ter was made without any 
adjustment whatever and the Thomas meter was found to agree w 
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APPENDIX NO. 2 


DATA AND CALCULATIONS 


57 In order to show the manner in which the results of the calcula 
tions upon the pitot tubes were tabulated, Tables 16 to 18, applying to 
tubes A, H and X are here reproduced The explanation of the calcula 


tions is as follows 


He In column 1, Test Number, the first letter designates the pitot tube; 


the middle figure, the test in the series arranged according to the fan 
speed ; and the last symbol, / or 4, signifies full gate or half gate at the 


discharge end of the test pipe. 
59 Column 2 gives the average revolutions per minute of the fan as 
obtained by a hand revolution counter. 


60 Column 8 shows the barometer reading in inches of mercury. 


61 In column 4, the atmospheric pressure in pounds per sq. in. is ob 


tained by multiplying the values in column 3 by the weight of a cu. it 
of mercury taken from Chart F corresponding to room temperature 
62 Column 5 indicates the pressure in the pipe above atmospheri 


pressure at the point where the pitot tube was inserted. 

63 In column 6, the pressure inside the pipe above the atmospher! 
pressure is the product of the values given in column 5, the specific gray 
ity of the gasolene and the weight of the water per cu. in. taken from 
Chart G corresponding to room temperature. 

64 In column 7, the absolute pressure in Ib. per sq. in. on the air flowing 
through pipe at the pitot tube is the sum of the pressures given in column 
4 and column 6. 

65 Columns 8, 9 and 10 give the averages of the observed temperatures 
in deg. fahr. 

66 In column 11, the percentage of humidity of the flowing air is ob 
tained from Chart A and the temperatures given in columns 9 and 10. 

67 In column 12, the weight of air partially saturated with water vapor 
in lb. per cu. ft. is obtained from Charts D and BF. Knowing the tempera- 
ture of the air (column 10) and the percentage of humidity (column 11) 
the weight of a cubic foot of air at 14 lb. per sq. in. pressure may be read 
from Chart D. To this value add the correction obtained from Chart F 
corresponding to the pressures given in column 7 and the temperature tn 
column 10. The sum is the weight of a cubie foot of the mixture. 

68 The calculations involved in finding the weight of a enhie foot of 
air partially saturated with water vapor are outlined in Appendix No. 3 
and are based on well-known thermodynamie relations. 

69 In column 138, the specific heat of the mixture of air and water 
vapor in B.t.u. per Ib. is obtained from Chart B corresponding to the tem 
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(V) (A) =volts (column 15) times amperes (column 16) watts 
consumed by electrical heater in the Thomas meter 

S =>specific heat of the air flowing (column 13) 

W = weight of the air flowing in lb. per cu. ft. (column 12) 

K is taken from column 14 

73 Column 18 gives the mean velocity head as measured by the pitot 

tube using the pitot tube static pressure. It was obtained as follows 
Readings were taken of the velocity head at 20 points on the cross-se 


tion of the pipe as described in Var. 21 and by Fig. 6. The square roots 
of these 20 readings were averaged and the square of this average is the 
value entered in column 15s. 

74 Column 19 indicates the mean velocity head as measured by the 
pitot dynamic tube and the piezometer static pressure. It was obtained 
in the manner described above for column 1s. 

75 Columns 20 and 21 record the velocity heads when the pitot tube 
is at the center of the pipe, column 20 using the pitot tube static pressure 
and column 21 using the piezometer static pressure 

76 Columns 22 and 23 are the velocity heads given in columns 18 and 
19 reduced to feet of air flowing. They were calculated as follows 

h 144 spH 
where 
h velocity head in ft. of air 


8 =specific gravity of gasolene 
p weight of water in pounds per cu. in., taken from Chart G 


H velocity head in in. of gasolene as given in columns 18 or 19 
77 Column 24 gives the cubic feet of air per minute as measured by 
the pitot tube using the pitot tube static pressure. 
7S Column 25 gives the cubic feet of air per minute as measured by 
the pitot dynamic tube and the piezometer static pressure 
79 The method of calculating the results given in columns 24 and 25 


IS “aS follows . 


for pitot tube C 60 A Vy 2g) 383 V hh 
; V 2gh, ” 
for Stauscheibe C,—60A = 327 V2qh 
1.17 
for both C 60 A V2gh 383 Vh 
where 
C,= cu. ft. of air per minute as measured by pitot tube using pitot 


tube static pressure 

C cu. ft. of air per minute as measured by pitot dynamic tube and 
piezometer static pressure 

{ area of cross-section of pipe where pitot tube was inserted 


0.7959 sq. ft. 


g 32.2 
h, velocity head in ft. pf air taken from column 22 and described 


previously 
h velocity head in ft. of air taken from column 23 and described 


previously 
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APPENDIX NO. 38 


CHARTS SHOWING WEIGHTS PER CUBIC FOOT AND SPECIFIC 


HEATS OF MIXTURES OF AIR AND WATER VAPOR 


d paper, the accurate comparison of results obtained by the 
Thomas meter and the pitot tube depends upon the use of correct values of the 
properties of ai It was therefore nece irvy to make a thorough study of this 
bye t, the re Its of whicl re presented in this appendix The formulae and 
les were gathered from var ourees and represent the most modern in- 
ormation in regard to mixtures of air and water vapor 
As the calculations involved are long and tedious, tl uthor has devised and 
nstructed charts which are here presented in the hope that they may be of 
ott The nar were ginal n to muc! rger scale on 
ng ab 2 i » ft g. B rol tracing n M 
obt ( rol ~ r 25 cel | 
OUTLINE O ( LC I 5 7 ccf I y S » AND I 
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pl ! nd x per iT 
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py re | mis Ir and 
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TESTS OF VACUUM CLEANING SYSTEMS 
By J. R. McCou! 
ABSTRACT OF PAPER 


The paper gives an outline of some tests of vacuum cleaners made for 


the Board of Education, Detroit, Mich. The tests were divided 


series : 


into two 
(a) with the machines on hose and piping as presented or recom 
mended by the manufacturers; and (b) with all machines on the same 
hose and piping system, for the purpose of direct comparison. Each of 
these series was divided into two parts: (1) tests for ability to do 


t the tool end of the hose: 


work 
(2) analyses of machines as machines 

The paper outlines some of the fundamental principles of vacuum clean 
ing and contains various curves and tabulated data giving the results of 
the tests in detail, covering energy developed, power consumption, losses 
hose and piping, efficiency, ete. 
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TESTS OF VACUUM CLEANING SYSTEMS 
by J. R. MceCoii, Detroit, Micn. 


Member of the Soc iety 


In June 1911, the firm of engineers of which the writer is a 
member conducted a series of tests on vacuum cleaning systems 
for the Board of Education of Detroit, Mich., for the purpose 
of comparing the merits of the various stationary machines for 
\W hich proposals had been received, Lo be used in equipping eight 
school buildings. The specifications provided that the vacuum 
cleaning system must be of a capacity such as to take care of 
two sweepers operating simultaneously on a given system of pip 
Ing, each sweeper to be proy ided with 75 ft. of hose. The capac 
ity requirement for each sweeper was stipulated as 80 cu. ft. of 
free air to be handled with a vacuum of 1 in. of mercury inside 
an orifice at the tool or sweeper end of the hose. These require 
ments or specifications for volume, vacuum, and equivalent 
working orifice, at the end of the prescribed lose, any two of 
which settle the third, represent what was specified as “ the abil 
itv to do work.” 

2 The specifications provided that all bidders must sub- 
mit their machines for two series of tests: A. with the piping 
system and hose as proposed or required by the manufacturer, 
for the purpose of determining if under these conditions, the 
machine would give the required volume and vacuum as above 
outlined; 2, with an arbitrary hose and piping system which 
would be the same for all machines, in order to make a direct com 
parison of the various machines under identical service conditions. 
The importance of this second series was emphasized by the speci 
fications. Each of the two series of tests was divided into two parts: 
(1) measuring the “ability to do work” at the tool end of the pre 
scribed hose: (2) analysis of the machine from the standpoints 

Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision 
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of maintenance and repairs, simplicity, efficiency of lubrication, 
dust separation and collection, floor space, noise, tools and hose. 
Separate grades were given to each machine on its ability to do 
work and on its character as a machine, and these grades were 
then combined to get the total score. 
3 The specifications provided that in grading machines the 
ability to do work would not count for more than two-thirds of 
the total score. It was the sense of the committee who assisted 
that a machine which makes a fine showing in ability to do work 
and yet has a low score as a machine is as much to be avoided 
as one which gains a high score as a machine and shows a poor 
ability to do work. The two features must be considered to- 
gether in rating a machine. After going over various details 
involved, the consensus of opinion was that for a school building, 
60 points should be given to the machine as a machine and 40 
points to its ability to do work. This was of course an arbitrary) 
standard, regarding which there would no doubt be a wide di 
versity of opinion among engineers, but as long as all machines 
were scored uniformly in accordance with this assumed standard, 
it has the stamp of fairness. The 60 points for the machine as 
iu machine, were divided as follows: 

Maintenance and repairs..... ae 20 

Simplicity .... re ee ve 

Lubrication err ere Jane 


Dust collection ; : « a Sera 


oo Pee ere : ew es 
Pree ee re : ' ret iar ae 
Tools and hose...... Pe eikeas ' ee ae 
Ability to do work...... rere : . _ 10) 


100 


t Regarding the possible question that may arise in the tests 
of Series A where the machines were not operating under simi 
lar conditions as to hose and piping, whether any scores should 
have been given, on the grounds that it is unfair to grade the 
results of a machine using a large hose with the results of one 
working on a small hose, it should be explained that the distine- 
tion between the two series of tests is as follows: in the first 
series, the hose and piping Svstem as proposed was considered 
an integral part of the machine, inseparable from it; in Series 2 
the hose and piping were treated as auxiliary to the machine 


and independent of it. The scores of Series A represent simply 
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the results obtained from the various machines as presented, 
though working under dissimilar conditions. The scores of 
Series / represent the coniparative merits of the machines when 
put on the same hose and piping and working under the same 
conditions. 

» The total grades for the various machines made up from 
the results of the tests as to the ability to do work, combined with 
the rating of the machines as machines, are given in column 6, 
Table 1. The method of computation for that part of the grade 
covering the ability to do work was made up on the basis of 40 
points for meeting full specification requirements of 80 cu. ft. of 
air per sweeper, with 1-in. vacuum inside the equivalent working 
orifice. Machines which exceeded this capacity were scored pro- 
portionally above 40; and those falling below this capacity were 
correspondingly debited. It is evident, therefore, that the total 
score is made up of the sum of the various scores covering the 
machine as a machine on the basis of 60 points, combined with its 
ability to do work on the basis of 40 points, when just fulfilling 
specified requirements. The scores are therefore not percentages, 
but measures of standing on a reasonable, though arbitrary, scale. 
The percentages basis could have been used, had no extra credit 
been given to machines exceeding the specified requirements, or 
if the capacity attainments of the highest machine were taken as 
the basis of 40 points and others graded accordingly, but the 
method used was simpler and equally fair. 

6 It was outlined in the specifications that the piping system 
used as a basis to work from would be a 2-in. line for the inlet 
system and a 214-in. for the exhaust system, but manufacturers 
were permitted to specify other sizes for the first series of tests 
as a proposed part of their equipment, if so desired or required. 
This piping system was furnished and installed by the Board of 
Education. One manufacturer, bidding on the fan type of ma- 
chine, was permitted to install a 3-in. piping system for use with 
his machine. Series B of the tests included runs made for all 
high-vacuum machines on the 2-in. piping system, as well as 
for all machines on a 3-in. piping system, under identical condi- 
tions as to hose. It was the writer’s expectation to make the com- 
parative series of tests, outlined as Series B, with all machines 
on the largest piping system and the largest hose required 
or specified by any manufacturer, but he was unable to carry out 
the plan as regards the hose, and the 114-in. hose of the Board 
of Education was used for all comparative tests. 











SYSTEMS 


CLEANING 


O! 


TESTS 


8 

i 
i) t 

a 
¢c°Z| ¢ Ft 
e’ze) 


ay NI 


asoH 


OL! 0 2 
0 6 6l 
eG 0° e1 
O'L 0 22 
C6 | $3 


40 SHLONG’T 


ONIMOTION 


GAOTY 


OL TIONg 


U0 


jeead 
180) } 


180} 





it 
s ri { — 
tht SJ 
Za Fics ¢ 0 £8 
Ct Cc CSN 
Co Co ) t 
c'Z o's 0 ZS 
cL Z 0 tS 
cy it $3 


ip eS | 
NI NOL 
~iWOSNO,) 
LNauUuo,Y 


IMLAY 


toed 








jodooMs- 


» 


I 


I 
p ywodoid sy 


saysneyxg A1830} 
Jaysneyxgy AlvjoOY 
uBy eFB{YC-8]4UIg 
OBBIS-1F/N JV 
{1890Y 


"ut if 
*JOPSNVYyX 









10 








McCOLL 


R. 


901 


col 


SIT 


rer | 


1ZI 


90T 








‘8 


Cr 
ae 


6 





89 


OS 


SS 


U6 


sJy0odeome 





JoBuniq ‘Burjwooidwoey 
JOISNeYRY AIBVIOY 

uv. eA G-o/FuIC 
“JOISNBYXGY AIBV¢ u 


JopsNeyXyy AsBjQoY 


ul-¢ 
Jesunig ‘Burwooidwey 
iesuniq ‘Buiywooidiwey 
Josunig ‘Zurwooidiwey 
sosuN Id ‘Burjwooidioey 

uBy eDBIS a]sUuIg 
‘Joysneyxy AIB{07 
Joysneyxy AIvj07 
‘ijeneyxy Aivjoy 
Jogsneyxyy Alej07Y 


OMY 


SOY PABOG [OOYOS uo UosLBdUIOD 


f I 


lod 





‘UB OFVIg-o]FuIC 
* ‘Jogsneyxyy Av{0zy 
‘UBy OFBIg-1NW 
Joysneyxy Alvjoy 
Joysneyxy Aswyoy 


BOY PIBOg JOOoYos uo uosliRdimik« ) 





| 
| 








1388 TESTS OF VACUUM CLEANING SYSTEMS 


7 It is obvious that all machines would have given much bet 
ter results, as regards ability to do work, and lower power con 
sumption, had the comparative tests been made with a larger 
hose, but in the writer’s opinion, as well as that of one or two 
of the committee who had much to do with air engineering, the 
general order of standings would not have been very materially 
changed, judging from the apparent displacements at the ma 
chine, as shown in column 12 of Table 1. The exact relative posi 
tions and grades, however, could be determined only by the actual 
tests. 

8 Machines were submitted by seven manufacturers, two sub 
mitting both single-sweeper and two-sweeper outfits. A variety 
of machines was represented; there were two fan-type machines, 
one a single-stage and the other a multi-stage; two reciprocating 
plunger-tvype machines; and three of the rotary exhauster or 
impeller type. It was interesting to note that machines sub 
mitted for the same specified duty, ranged in weight from a few 
hundred pounds to a ton or more. Another interesting feature 
was that the vacuum at the machine in the effort to accomplish 
the same specific requirements as to volume at the tool end of 
the proposed hose, ranged from little more than 2 in. of mercury 
to approximately 15 in. The power consumption for the same 
ability to do work ranged from approximately 1%, kw. to over 
i3 kw., depending upon the particular type of machine, and espe- 
cially on the size of the piping and hose used, which ranged in 
size from 1 in. in diameter to 214 in. in diameter, the latter size 
being that at the inlet connection for a hose tapered down from 
134 in. in diameter at the tool. 

9 No uniformity in sizes of hose and tool handles was found 
umong the manufacturers of so-called high-vacuum machines, 
and low-vacuum machines, and it will doubtless be a long time 
before they will agree on an exact size of hose and tool handle. 
These will alw ays be largely matters of personal taste and also 
matters depending on the importance put by the manufacturer 
or user, on the question of convenience as contrasted with the im 
portance of the greater ability to do work at a less consumption 
of power. The larger the hose and tool handle, within reason- 
able limits, the more rapid and effective work the operator should 
be able to do with the least consumption of power. But weight 
of hose and tool handles is often confounded with size. Some of 
the hose submitted with machines for the tests could have been 
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much lighter and vet have been strong enough for the maximum 
vacuum on it. The weight of the hose, for convenience sake, 
should be as light as possible, consistent with durability and the 
maximum vacuum desired or required to be carried on it, not only 
for its new rotund condition, but for its possible flattened condi- 
tion after months of use. 

10 As regards the size of piping, the larger this is, the higher 
the available vacuum for the hose: if too large, however, the 
average velocity of the air will not be suflicient to insure the 
carrying of refuse in horizontal runs, and to prevent clogging. 
k;xperience led to the belief that the velocity should not fall 
much below 2000 ft. per min. in a horizontal run. <A tool under 
ordinary working conditions is handling a varying volume of 
air. Fortunately at frequent intervals the tool is lifted from the 
floor or tipped to a marked degree, thereby permitting a com 
paratively large volume of air to be handled for a brief period 
at least. If these periods are frequent enough, the volume of air 
thus intermittently handled will tend to keep the piping system 
clean, even though the average velocity may be below that al 
ready given. Vertical risers should not clog. The factors which 
operate to limit or prevent the use of large piping are: first cost 
of installation, the space occupied, the question of cutting into 
building walls, and the unsightly appearance of large pipes. 
On the other hand, the enormous wastes due to small hose and 
piping, SO conspicuously brought out in some of the results of 
the tests, make it desirable to use as large piping as possible, to 
sav nothing of the hose. 

11 It seems reasonable to believe that the time will come when 
the maximum and minimum sizes of hose and piping systems 
will be standardized for various types of buildings and for vari 
ous kinds of service, and that these features will be just as dis 
tinctly specified as are now the sizes of wires for a given electric 
service, or as the size of steam pipes and return lines for a given 
heating service. 


METHODS OF TESTING 


12. The Capron school in Detroit, one of the buildings to be 
equipped with a vacuum cleaning system, was used for the tests 
and all machines were delivered to the basement for this purpose, 
The 2-in. piping system in the building and the 3-in. piping sys- 
tem already mentioned were arranged so that each machine in 
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turn could be connected for the various tests, which covered 
power to drive, ability to do work, vacuum at the machine, 
speeds, ete. 

13 For the work of the committee assisting the author in an- 
alyzing the machines as machines, and in grading each according 
to its merits on the basis of the arbitrary standards given above, 
each machine was taken into one of the basement rooms, disman 


tled and critically inspected from the various standpoints already 

















Fic. 1 View or APPARATUS FOR TESTING ABILITY TO DO WORK 


outlined. Copious notes were made and the various points fully 
discussed and considered in the subsequent meeting where the 
final grades were made up. 

14 For the power tests at the machine, the usual readings 
of speed, current consumption, vacuum, etc., were made, similar 
to those taken in other lines of tests. 

15 The apparatus for measuring the ability to do work at 
the tool end of the hose was set up in the principal's office on the 
first floor and two lines of hose 75 ft. in length were carried from 
inlet connections on the first floor corridor to this room. As al- 
ready outlined, the end of each hose was restricted by a series 
of arbitrary orifices, introduced successively, and the vacua with 


the corresponding volumes ot air handled were determined. 
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16 The apparatus used in these determinations is illustrated 
in Fig. 1, which is a photograph taken immediately after the 
tests. The pitot tube method for determining air velocities was 
used in the measurement of air volumes. ‘The type of pitot tube 
used was one which the writer and others who have had much 
to do in recent vears with air measurements have found the most 
accurate. It was similar to the pitot tube described in the paper 
by Mr. Charles H. Treat... Fig. 2 shows a cross-section of the 
rectifying barrel or tube, pitot and static tubes, orifice, and orifice 
holder with vacuum gage connection, etc. The rectifying tube 
consists of a evlinder with an inside diameter of 2 in. and a 
leneth of approximately 36 in. The inlet end is made with a 
bell-mouth to overcome in some degree the vena contracta effect 
of the entering air, and to assist in n aking sure that the air is 
moving practically in parallel lines when it encounters the pitot 
tube. 

17 The pitot and static tubes were soldered together and 
made into an L-shaped instrument, pointing up-stream, and 
the connections for the manometer were separated for easy 
connection, as shown. The pitot tube leg was placed parallel to 
the axis of the rectifving barrel. The dimensions and details of 
this instrument are shown in Fig. 3. It was first intended to 
make the pitot tube adjustable to any pr sition across the diam 
eter of the rectifying barrel in order to take a series of readings 
at properly selected points, and average them as outlined in Mr. 
Treat’s paper. This would give more accurate results as to aver 
age velocities. but when the multiplicity ot readings for the creat 
number of tests to be made and the limited time available were 
considered, this idea Was abandoned. The average of a series of 
readings for 80 cu. ft. of air per minute was taken and then the 
pitot tube was set at the point where it gave the average reading 
when handling this volume of air. When handling other vol 
umes, the pitot tube reading at this fixed positie n would not be 
strictly accurate for determining the average velocity. 

18 The static tube consisted of a small brass tube soldered to 
the pitot tube. the up-stream end being sharpened to split the 
air and cause as little eddying round the instrument as possible. 
Both pitot and static tubes were made as small as practicable to 
give as little disturbance as possible in the air currents. But 
some eddy ing. of course, is present at best. and to make sure that 


'Trans. Am.Soc.M.E., vol. 34, p. 1019. 
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this should not increase the true static reading, the perforations 
in the side walls of the static tube were made small capillary 
holes. Obviously the success of the pitot tube method of air 
measurement depends, in the first place, on the accuracy with 
which the pitot and static tubes will separate the pressure which 
is purely static, from that which is the sum of the static and 


velocity pressures 5 and in the second place, on having readings 
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taken at correctly established points which will give average 
velocity readings for the whole transmitting area. 

19 No attempt was made in the design of the orifices used 
in the tests to make them in accordance with any mathematical 
formulae. These orifices served only the purpose of restricting 
the tool end of the hose arbitrarily, in order to give a range of 
readings between the vacuum behind the orifice and the volume 
of air handled. If vacuum and orifice or volume and orifice were 
to be specified instead of volume and vacuum, it would be neces 
sary to give the details of the various orifices to be used. inas- 
much as the equivalent working area and apparent area may be 


at wide variance. 
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20 The inclined manometer with gasolene for liquid was used 
for determining the difference between total pressure and static 
pressure or velocity pressure. The manometers are shown in Fig. 
1. The angle of inclination for multiplying the reading was 
taken to suit the velocity pressure developed in order to get as 
long a reading and as little a percentage of error as possible. 
Connections to the manometer were reversed and the average 
taken for each reading so as further to reduce possible errors. 
The specific gravity of the oil was carefully determined in order 
that the true value of the velocity head for each reading could 
be computed. The density of the particular air handled was com 
puted from government tables, taking into account barometric 
pressure, temperature and humidity, and from these data, for 
the average velocity readings, actual velocities were then com 
puted. 

21 The average velocity in feet per minute multiphed by the 
cross-sectional area of the 2-in. rectifying tube, expressed in 
square feet, gave the volume of air handled per minute for each 
reading. The rectifying barrel was fitted with a thermometer 
for taking the temperature of the air passing the pitot tube. Or 
(inary mercury manometers were used for the readings of the 
vacua behind the orifices, although in some instances standard 
vacuum gages were connected up for additional readings. The 
sling psychrometer was used for humidity and temperature de 
ierminations. Weather bureau readings were taken for the 
barometric pressures. 


22 Applying the formula v v 2¢h to find the volume of 
air handled, the following equation is deduced 
ss. ... 
CRM 60.4 \ 2g a RD [1] 
where 


CFM cubic feet of free air handled per minute 


A = area of rectifying barrel in sq. ft. 

g = acceleration due to gravity = 32.2 

W weight of 1 cu. ft. of oil, such as used in mano 
meter 


w — weight of 1 cu. ft. of air handled, corrected for 
barometer, temperature and humidity 

= reading of inclined manometer in in. 

@ — angle of inclination of manometer from the heri 
zontal position 
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Ze For the sake of convenience in reducing the apparent 


reading of the manometer to the true reading, the manometer 
supporting plate was graduated so that the manometer could be 
easily set to positions where its scale reading multiplied the ver- 
tical reading by 2, 5, 10, and 20, as desired, according to the par- 


ticular sett ing used. 
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24 In a given test, all the quantities in equation [1] can be 
taken constant, with the exception of 7, which alone can be left 
under the radical, thus simplifving the reduction work for the 
various readings toa minimum. A scale reading directly in cubic 
feet of air per minute has been used by the writer as sufficiently 
accurate for commercial tests. 

25 The results of the tests covering the ability to do work. 
power consumption, ete., are given in Table 1. This table gives 


the designating letter, type of machine, sweeper capacity of each 
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machine, size of piping and hose used, current consumption and 
other necessary data including the combined scores made up as 
outlined. Some of the data given in this table, and other results 
of the tests, are given in other form by curves, Figs. 4 to 7. 
Where machines did not handle per hose 80 cu. ft. of free air per 
minute with a vacuum of 1 in, inside the orifice, the values in 
columns 8, 10 and 11 are indeterminable. 


C.F.M. of Free Air Handied 
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Fic. 5 CURVES OF VOLUME AND VACUUM AT TooL For 3-IN. PIPING AND 1% 


IN. HOSE: THE SAME FOR ALL MACHINES 


26 Fig. 4 is a series of interesting curves, plotted between 
cubic feet of free air handled per minute and vacuum inside the 
orifice at the tool end of the hose for the various machines, oper 
ating with the piping and hose system as proposed or required 
by the manufacturer and designated as Series A. The types of 
machines and sweeper capacities, together with sizes of hose and 
piping, can be obtained from Table 1. 
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Fig. 5 gives an interesting series of curves plotted between 


cubic feet of free air handled and vacuum behind the orifice for 
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the various machines operating on the 3-in. piping and 144-in. 
hose; the same for all machines outlined above as Series # of the 
tests. 

28 In Figs. 4 and 5 have been drawn zone lines as boundary 
vacuum lines for effective work in the classes indicated. ‘These 
are suggestive only, and doubtless would be placed differently by 
different investigators. It is probable, when vacuum cleaner tests 
are standardized, that some similar zone boundaries will be estab 
lished and the qualifications of various machines for different 
classes of work be thus compared. 

29 Without trying to determine whether the expansion of 
the air through the working orifice or through the piping system 
is isothermal, adiabatic or something else, the available energy 
or work developed at the orifice and at the machine end of the 
piping system for all practical purposes can be expressed in foot 
pounds per minute, by the product of the rarified volume per 
minute and vacuum in pounds per square foot. To express it 
algebraicly 


P nist P = : 
| Oe 144 «& 0.49 (p p,)u (O04, e (O0.004m,v,.] 2] 
ie P 
, P — P — 
FE’, = 144 X 0.49 (p—p.) v (0.704 m0 10.704m,%,..| 3 
ie P2 
where 
Oe energy inside of orifice, in ft-lb. per min. 
i’, = energy at machine in ft-lb. per min. 
p = barometric pressure of free air in in. of mercury 
P; absolute pressure inside of orifice in in. of mercury 
D>» absolute pressure inside piping system at machine 


end in in. of mercury 
v volume of free air handled per min. in cu. ft. 


v, = corresponding volume of air inside of orifice 
“, = corresponding volume of air at machine 

m, vacuum inside of orifice in in, of mercury 

m., —= vacuum at machine in in. of mercury 


30 Fig. 6 shows curves for the various machines plotted be 
tween the electrical input and the developed or available energy 
in ft-lb. at the orifice and at the machine end of the piping sys 
tem for the machines connected to the particular hose and piping 
system proposed by the manufacturer, as outlined above for 


Series A. Fig. 7 gives similar curves for the tests of Series PB. 
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The full lines are for the energy developed at the orifice and the 
dotted lines for that at the machine. 

51 In explanation of Figs. 6 and 7, take curve (, in dotted 
line in Fig 6. For the point of maximum input there is approxi- 
mately 2.9 kw. or 128,800 equivalent ft-lb. For this input, this 
vacuum cleaner, which was the single-sweeper, rotary-exhauster 
type, gave at the machine end of the piping system, 56,550 ft-lb. 
of energy, or approximately 44 per cent of the total input. For 
the corresponding input of 2.9 kw., this machine developed at 
the end of the hose approximately 28,080 ft-lb. of energy, as 
shown by the corresponding curve in heavy line. This was ap- 
proximately 22 per cent of the total input, or half the energy 
available at the machine end of the piping system and represents 
the condition of greatest restriction of the end of the hose. By 
similar comparisons, Figs. 6 and 7 give interesting data covering 
the range of efficiency in production of energy at the tool and at 
the machine for the various outfits tested. The ratio between 
the developed or available energy and the input energy is shown 
by the radiating lines. It is interesting to note that for two- 
sweeper machines the input ranged from less than 2 kw. to over 
13 kw. for machines with piping and hose as proposed to accom- 
plish the same specified results at the tool. The great difference 
In power consumption was mainly due to the difference in sizes 
of piping and hose, particularly the latter. To make this more 
conspicuous the two-sweeper machines having the lowest and 
highest power consumption as shown by the curves @, and the 
curves B, have been chosen. On these curves are marked con 
spicuously in larger circles the points coinciding with 1-in. 
vacuum inside the orifice. 

32 Fig. § gives for the tests of Series A. graphical compar! 
sons of these two machines as regards the power to drive, the 
losses through machine, piping and hose system and the energ\ 
available at the tool end of the hose. The upper diagram is for 
a single-stage fan machine operating in a 3-in. system and two 
75-ft. lengths of hose tapering from 21. in. at the piping inlet 
down to 134 in. at the tool. The lower diagram is for a rotary 
exhauster type of machine, operating on a 2-in. piping system 
with two 75-ft. lengths of 1-in. hose, which was the size submitted 
by the manufacturers for the tests. The middle diagram gives 
the results for the latter machine when operating on the same 
piping system but with two 75-ft. lengths of 114-in. hose, which 
was the smallest size permitted by the specifications, 
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33 These diagrams are made for power consumption losses 
and available energy under the full range of test conditions. Se- 
lecting, for example, the specification requirements of 1-in 
vacuum inside the orifice, it is interesting to note that the ma 
chine of the upper diagram handled approximately 89 cu. ft. of 
free air per sweeper; the machine of the lower diagram 49 cu. ft. 
of free air per sweeper with the 1-in. hose and approximately 88 
cu. ft. with the 11 ,-1n. hose, as will be seen by Fig. 4. The vacu 
um at the machine for G, to accomplish this work was only 
2 in. of mercury while with B,, with the 1-in. hose, it was 14%, 
in. of mercury and with the 114-in. hose 10.8 in. of mercury. It 
is interesting to note for the 1-in, vacuum inside of the orifice, 
that with @, less than 2 kw. were required to drive the outfit 
and of this energy 68.8 per cent was absorbed in the machine and 
dust collector, 16.2 per cent in the piping system, and 15 per cent 
was available at the tool. For &, using the 1-in, hose, over 15 
kw. input was required and of this 6514 per cent was absorbed 
in the machine, dust collector, ete., 34.51 per cent in the piping 
and hose system, giving only 1.24 per cent available energy at 
the tool. The marked increase shown by the middle figure for 


b,, using the 114-in. hose with other conditions the same, is in 
teresting. There is a total input of 9.25 kw. of which 45.27 per 


cent is consumed by the machine, dust collector, ete. 48.58 per 
cent by the piping and hose system, and 3.15 per cent is available 
at the tool. Changing the two 75-ft. lengths of hose from 1 in. 
to 114 in. decreased the input requirements approximately 30 per 
cent and increased the available energy at the tool 150 per cent. 
Similar comparisons can be made for other vacua inside the 
orifice. Corresponding volumes can be obtained from Fig. 4. 

34 Fig. 8 pictures some facts that will be startling to those 
who have not thought about the marked saving in power and 
the increased ability to do work that result from the use of larger 
hose and piping. The clear parts of the diagrams in this figure 
represent energy absorbed by the machine, including motor and 
dust collector losses, ete. The hatched portions of the diagrams 
represent losses in hose and piping. The double-hatched parts of 
the diagrams represent energy available at the tool. The impor 
tant query is: What would the machine 7, do if it were put on 
the piping and hose system of @,? 

The tests to determine the ability to do work, including power consump 
tion, were conducted by Prof. H. C. Anderson and the writer. For a care 
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ful analysis of the machines as machines, the author is indebted to a com 
mittee consisting of Prof. John R. Allen, of the University of Michigan; 
Mr. Charles H. Treat, chief designer of the American Blower Company, 
and Mr. Howard E. Coffin, vice-president and chief engineer of the Hudson 
Motor Car Company. In the acceptance tests which came a little later 
he is indebted to Prof. FE. J. Fermier, of the Agricultural and Mechanica! 


College of Texas. All of these gentlemen are members of the Society 























STANDARD INVOLUTE GEARING 


MAJORITY REPORT OF THE COMMITTEE ON STANDARDS FOR 
INVOLUTE GEARS 


An outline of the work contemplated by the Committee on In- 
volute Gears was presented to the Society at its joint meeting with 
the Institution of Mechanical Engineers in England three years ago, 
and since then the experiments on friction losses in gear teeth have 
been continued at the Massachusetts Institute of Technology by 
H. 8S. Waite, under the supervision of Professor Lanza, and in Phila- 
delphia by Everett St. John at the writer’s plant under his own 
direction. 

2 The roller bearings originally provided in the apparatus for 
measuring the friction losses in the transmission of power were found 
to be the cause of serious variations in the results obtained at suc- 
cessive trials. The rollers developed a tendency to travel longitudin- 
ally and cause at times excessive friction by end thrust against their 
retaining rings, while at other times they ran freely, and thus it 
became impossible to distinguish accurately between the friction in 
the bearings and the friction in the teeth. Another difficulty de- 
veloped in the alignment of the driving shaft, upon the accuracy of 
which the results were found to depend to a very great extent, and 
to overcome these difficulties, the testing machine, as previously 
described, was remodeled. Ball bearings were substituted through- 
out for the roller bearings originally employed, and one of the support- 
ing knife edges was discarded and in its place was substituted a pair 
of annular ball-bearings surrounding the driving shaft to act as a ful- 
crum for the measurement of the driving torque. These changes 
entailed some sacrifice in convenience of adjustment and manipula- 
tion, but they were attended by compensating advantages in the 
accuracy of the results obtained, and it may now be confidently 
asserted that under ordinary working conditions the friction loss 
between the teeth of cut gears and pinions seldom exceeds one or 
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two per cent of the power transmitted and is practically independent 
of the obliquity of action. 

3 The length of the addendum exerts a much greater influence 
than the obliquity of action, as shown by experiments made on a pinion 
having nominally 15 deg. obliquity, but an unusually long addendum. 
These gears were among those cut by Mr. Bilgram to demonstrate 
the practicability of making involute gears of moderate obliquity to 
run with small pinions and with each other. Here the addendum 
is prolonged as shown in Fig. 6 of the previous report,’ and, as would 
naturally be expected from a theoretical analysis, the friction loss is 
considerably increased, the readings taken running from 1.6 per cent 
to 2.8 per cent as against | per cent to 2.2 per cent for the other 
types. These special gears, however, are not uniform in their pro- 
portions and strictly speaking are not interchangeable in the com- 
mon acceptation of that term, because the center distance between 
mating gears is not constant for different combinations having the 
same total number of teeth. At the same time it is Interesting to 
note the influence of the addendum as the dominating cause of friction 
in involute gearing, regardless of obliquity. Therefore, as far as 
friction is concerned, there can no longer be any doubt that the 
obliquity may be increased as far as necessary to avoid interference 
between a rack and the smallest pinion with which it is expected to 
engage. 

4 By common consent, or, as the outcome of good practice, pin- 
ions with less than 12 teeth are seldom found in first-class machinery, 
and for an interchangeable involute system of external gearing, ex- 
tending between the limits of a rack and any assumed pinion, it has 
been shown by Mr. Flanders in his admirable paper which led to 
the appointment of a committee on gearing, that the addendum 
adopted fixes the minimum obliquity to avoid interference between 
two limiting pinions, and that the obliquity adopted fixes the max- 
imum addendum between the limiting pinion and a rack. There- 
fore, having given a 12-toothed pinion with standard addendum 
equal to one module, it follows that the obliquity of the system in 
which 12 is the smallest number of teeth must be 24 deg., and to 
reduce this obliquity, we must either reduce the addendum or in- 
crease the minimum number of teeth in the system. But since 12 
has been generally adopted as the minimum number of teeth in all 
well established systems, a reduction in obliquity must be sought 
in a reduced addendum, and coming down to 225 deg., or one- 


' Trans. Am. Soc. M. E., vol. 32, p. 823. 
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quarter of a right angle, it appears that the addendum cannot exceed 
z module or about 0.28 pitch. 

5 Insuch a system the are of action varies from 1.23 for two 12- 
toothed pinions to 1.39 for a rack and pinion. Large gears running 
together may have an arc of action as high as 1.5, but such combina- 
tions as generally occur in practice do not cover a greater arc of 
action than a 12-toothed pinion and rack. Coming down again to 
20 deg. obliquity we find that the addendum can not exceed 0.7 
module or about 0.22 pitch to avoid interference between a rack and 
a pinion of 12 teeth, but with gears of 80 teeth or less, it is possible 
to make the addendum 0.75 module or 0.24 pitch as is done in the 
20-deg. stub-tooth. Since gears of more than 80 teeth are unusual, 
these proportions cause no interference in the great majority of cases, 
or so little as to be practically imperceptible. In this system the are 
of action varies from 1.12 for two 12-toothed pinions to 1.25 for a 
rack and pinion, and the average for various combinations is not 
far from the latter figure. A great many gears of this type are in 
service and give excellent satisfaction, and, as will be seen from the 
tabulated results of experiment, they consume somewhat less power 
in friction than the other types tested, with the exception of the B. 
& S. Standard, which now appears to have the lead, although in 
the previous experiments a difference was found in favor of the 
stub-tooth. These apparent variations in friction may be due to 
errors in readings taken with roller bearings, and although the B. 
& S. Standard has a longer addendum than either the stub-tooth 
or the proposed new standard, its active or effective addendum 
may really be less in new gears by reason of the modified forms 
used to avoid interference. However this may be, contact must 
sooner or later be extended over the whole addendum as the natural 
result of wear, at which time the greatest loss in friction would be 
anticipated in teeth with the greatest length of addendum. The 
differences however are slight and hardly worth consideration in 
the selection of a standard. But, in reducing the obliquity from 
223 deg. to 20 deg. we have also reduced the are of action, and 
coming down again to 143 deg. obliquity we find that the addendum 
for a 12-toothed pinion and a rack can not exceed 0.38 module or 
about 0.12 pitch, and that the are of action becomes actually less 
than the pitch. Such a system is, therefore, impossible, and the so- 
called 143-deg. involute system, which is better known as the B. 
& S. Standard, necessarily includes other curves than involutes. In 
this system the addendum is one module and the are of action varies 
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from 1.35 for two pinions of 12 teeth to 1.47 for a rack and pinion 
with an average for various combinations of about the same amount. 
This long are of action contributes, of course, to smoothness in 
running when the center distances are right, but the compound 
curves used in forming the teeth do not admit of the variation in 
center distance which is known as one of the chief advantages in the 
involute over all other forms of gearing. 

6 It is well known that all forms of gear teeth tend to wear out of 
shape and that the distribution of wear on involutes is more unequal 
than on cycloidal forms, but the unequal wear naturally relieves th 
pressure on the points of involute teeth more than upon those of 
other forms and causes a redistribution of pressure calculated to favor 
smoothness and quietness in running. To some extent this is also 
true of the 145-deg. modified involute standard, the gears of which 
furnished by the Brown & Sharpe Mfg. Co. were remarkably well made 
and ran under certain conditions with comparatively little noise, 
but whether the quiet running of these gears should be ascribed to 
some peculiar merit in the forms of the teeth or simply to superior 
accuracy in forming and spacing is a question not yet clearly deter- 
mined. In regard to this Mr. Waite remarks as follows: 

The very smooth sound of the B. & S. gear as compared to the others wa 
especially noticeable at low speeds and light loads, where the difference in the 
quality of the sound as well as quantity was very markedly in favor of the B. & 
S. gear. I believe this was largely due to the fine finish of the tooth surfaces 

7 But, of course, it may have been due to superior workmanship 
in forming and spacing, or as claimed by some advocates of this stan- 
dard to a peculiar merit in the modified forms of the teeth which are 
involutes near the pitch line and more or less cycloidal in the remote 
portions of the faces and flanks. If the flanks of the 12-toothed 
pinion are radial, as they appear to be, the modification of the points 
of the teeth of the mating rack is necessarily cycloidal, but no exact 
information has been given and no effort has been made by the com- 
mittee to discover the modifications used, because the key to any 
system of gearing is known to lie in the form adopted for the rack 
tooth, and when this is used as a generator, all other forms in the 
system naturally follow as a matter of course. 

8 A good deal has been said and written about the advantages of 
the B. & S. Standard which cannot be denied, and it is so well estab- 
lished and so generally liked by its users that it will undoubtedly 
continue in favor regardless of objections such as may be raised 
against it from various points of view. The cycloidal system which 
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preceded it was also a good one and ‘for many years it had no serious 
rival, but neither of these is an involute system and cannot claim 
the advantages inherent in the involute form of tooth. 

9 The committee was appointed to investigate the subject of inter- 
changeable involute gearing, and if found desirable, to recommend 
a standard or standards. Some of its members have favored the 
B. & S. Standard or none at all, while others could not admit the 
necessity for any modification of involute forms and preferred a 
solution which would avoid interference by the use of such obliquity 
and addendum as would reach the desired end. 

10 A majority of the committee believes that a standard system 
of involute gearing should include in its scope a 12-toothed pinion, and 
all combinations between that and a rack, and that the most desir- 
able system from every point of view is that which insures absolute 
freedom from interference between all combinations, with a liberal 
are of action abundantly to cover the pitch in every case. To meet 
these conditions, nothing better has been found than an obliquity 
of 225 deg. and an addendum of { module or 0.28 pitch, to which 
should be added for completeness a dedendum of one module, and 
fillets generated by a rack tooth with rounded corners prolonged to 
one module. 

11 Such a system has very decided advantages against which must 
Le weighed the objections raised as to journal pressure, back lash 
and wear. Although the thrust between centers may be 50 per cent 
greater than for the B. & S. Standard. it has been shown repeatedly 
that this additional thrust, when compounded as it must be with 
the tangential driving force, adds less than 5 per cent to the actual 
journal pressure, and it is therefore not a serious consideration. In 
regard to back lash, it may be said that the same care in cutting 
should produce equally accurate results, and that although the same 
depth of wear will certainly cause back lash to increase with obliquity, 
compensation for this appears in the fact that the greater the obliq- 
uity the better the distribution of wear. This combination of ob- 
liquity and addendum also makes very strong teeth and the obliquity 
adds materially to the facility with which they can be milled or 
hobbed, and ground when need be, after hardening. Special con- 
siderations will no doubt always influence the choice of these two 
variables, obliquity and addendum, and in some classes of machinery 
where the pinions may never have less than 15 or 18 teeth, less 
obliquity might reasonably be employed, but for all kinds of prac- 
tice in general, a majority of the committee favors the adoption of 
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SUMMARY OF RESULTS 


Brown & SHARPE 


14 1/2 Dea. AppeNnpumM—1 Mopvu Le 
325 r. p.m. 535 r. p.m 870 r. p. m 
Tooth 
Load, Total Bearing Tooth Total Bearing Tooth Total Bearing Tooth 
Lb. Friction | Friction | Friction | Friction | Friction | Friction | Friction | Friction Friction 
1000 0.018 0.001 0.017 0.017 0.001 0.016 0.015 0.001 0.014 
2000 0.014 0.001 0.013 0.013 0.001 0.012 0.011 0.001 0.010 
3000 0.014 0.001 0.013 0.013 0.001 0.012 0.011 0.001 0.010 
20 Dea. INvoLUTE Strus-Toorn ApDENDUM—3/4 MopuLe APPROXIMATELY 
325 r. p. m. 935 r. p.m 870 r.p.n 
Tooth | ! 
Load, Total Bearing Tooth Total Bearing Tooth Total Bearing roott 
Lb. Friction | Friction | Friction | Friction | Friction | Friction | Friction | Friction | Frictior 
1000 0.022 0.001 0.021 0.023 0.001 0.022 0.018 0.001 0.017 
2000 0.016 0.001 0.015 0.015 0.001 0.014 0.012 0.001 0.011 
3000 0.018 0.001 0.017 0.016 0.001 0.015 0.013 0.001 0.012 
Proposep 22 1/2 Dea. STANDARD ADDENDUM—7/8 Mopwu.ut 
325 r. p. m 5935 r. p.m 8/0 r.p.n 
Tooth 
Load, Total Bearing Tooth Total Bearing Tooth Total Bearing Tooth 
Lb. Friction | Friction | Friction | Friction | Friction | Friction Friction | Friction | Frictior 
L000 0.020 0.001 0.019 0.022 0.001 0.021 0.021 0.001 0.020 
2000 0.014 0.001 0.013 0.013 0.001 0.012 0.013 0.001 0.012 
3000 0.013 0.001 0.012 0.013 0.001 0.012 0.013 0.001 0.012 
BiteGrRaM 15 Dr ADDENDUM VARIABLE 
| ] 
| . 
| 325 r. p. m | 535 r. p.m 870 rp. n 
| 
Tooth | 
Load, Total Bearing Tooth Total Bearing Tooth Total Bearing Tooth 
Lb. Friction | Friction | Friction | Friction | Friction | Friction | Friction | Friction | Friction 
1000 0.029 0.001 0.028 0.029 0.001 0.028 0.023 0.001 0.022 
2000 0.025 0.001 0.024 0.021 0.001 0.020 0.017 0.001 0.016 
3000 0.024 0.001 0.023 0.022 0.001 0.021 0.019 0.001 0.018 


In these experiments, the teeth wer 


lubricated with cylinder oil, the greater part of which 





was thrown off by centrifugal force, leaving the surfaces in a condition which might be described 
as slightly greasy. 
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225 deg. obliquity with an addendum of 7 module. That such teeth 
will run smoothly and efficiently has been clearly demonstrated, but 
the experiments have not been sufficiently prolonged to determine the 
effects of wear and the resulting noise. A good deal has been accom- 
plished, however, as shown by the summary of the results obtained 
by Mr. St. John. These are substantially the same as those obtained 
by Mr. Waite, but differ slightly in some particulars, easily ex- 
plained by the difficulties in construction under which Mr. Waite 
labored and the improved apparatus used by Mr. St. John. Journal 
friction on the ball-bearings used in these experiments is almost a 
negligible quantity and the figures given for friction on the teeth 
are so consistently confirmed by repeated trials that there can be 
but little if any doubt of their truth. 

12 As pointed out by Mr. Gabriel,' the field for experimental re- 
search is so large that the coéperation of all interested should be se- 
cured and a fund be raised for the purpose of employing competent 
engineers to conduct exhaustive tests with suitable apparatus, and in 
this opinion the writer is in hearty accord after attempting in a 
small way to carry on a series of experiments upon one phase only 
of the problem. But as now constituted and without substantial 
resources at its command, the Committee on Standards for Involute 
Gears has but little time or means for experimental research and it 
has probably accomplished all that can reasonably be expected of it. 
Its members differ in their view points so widely that but little hope 
of a unanimous report has been entertained and the above is pre- 
sented simply as the report of the majority, leaving the way open 
for dissenting members to file separate reports if they choose to do 
so. Under the circumstances the writer suggests that the work of 
the committee be considered as finished and the committee dis- 
charged. 


Witrrep Lewis, Chairman ) Members Committee 
GAETANO LANZA on Standards for 
Huco BILGrRaM \ Involute Gears 


No report has be en prepared by E R Fellows and t R Gabriel. constituting 
the minority.—Eb1Tor 


DISCUSSION 


Lorurer D. Burtincame. This question as to what is the best 
system of gearing for general use, a question which has been in 


the air for a number of vears, is now sharpened by the recom 


‘Trans. Am. Soc. M. E . vol. 32, p. S38. 
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mendation by the committee of a definite plan. This plan while 
frankly admitted by the committee as not giving the best results 
as to quiet running and efficiency, is nevertheless recommended 
by them largely because of the theoretical advantage of having 
the teeth a true involute throughout their entire length, thus tak- 
ing a position which would seem to be giving up substance to 
secure shadow, a recommendation to abandon a system having 
not only the advantages of quiet running and efficiency, but 
also the further advantage of being long established and ex 
tensively used, and to adopt one which is new, and which would 
involve great expense in tools, cutters, ete., in changing over 
and would lead to the confusion naturally attending the addition 
of another system to that already so firmly established as not 
to readily be replaced. 

It has been pointed out repeatedly in the previous discussion 
of this subject that in practice the best results are not obtained 
by making the teeth truly involute their entire length, this being 
true even when no modification is necessary in order to include 
a 12-tooth pinion; but rather that the points of the teeth should 
in any case be eased off to an extent such as experience has shown 
will give the best results for quiet running. Shortening the 
teeth does not accomplish this desired result unless the points 
of the shorter teeth are also eased off, thus still further shorten 
ing the working surfaces. 

r. - Vernon. representing al prominent British manufac 
turer of machine tools, discussing the earlier presentation of the 
investigations of this committee by Mr. Lewis at the joint meet 
ing in England three vears ago.’ said that his firm had made 
long and costly experiments with a view of obtaining a system 
of gears that would run silently at high speed. The results of 
the experiments which his own firm and others had made had 
proved that there was one kind of gearing which was quiete: 
than all others, namely the gear with “ faked” teeth. It was 
well known that gears which gave the quietest results in running 
were those on which an empirical correction of tooth form had 
been made (referring to the B. & S. Standard). 

This opinion is fully corroborated by the tests made under 
the direction of this committee. In Par. 5 it is admitted that 
the B. & S. Standard gears run with less friction and more 


' Trans. Am. Soc. M. E., vol. 32, p. 837 
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quietly than gears of any other system tested. The report, how- 
ever, refers to previous experiments as showing other systems 
to give better results, in spite of the fact that the committee con- 
demned these previous experiments because the roller bearings 
used in them “ were found to be the cause of serious variations 
in the results obtained at successive trials.” On the other hand 
the improved apparatus, which demonstrated that the B. & S. 
Standard gears run more quietly and with less friction than any 
of the other systems of gearing tested, has been so perfected that 
while the “ changes entailed some sacrifice in convenience they 
were attended by compensating advantages in the accuracy of the 
results obtained.” 

It does not seem to come with good grace from the members 
of the committee signing this report to minimize the importance 
of the results now obtained because these results are opposite to 
what they would wish in order to support their theory; or for 
them to throw the matter off with the statement that “ the differ- 
ences, however, are slight and hardly worth consideration.” After 
the committee have gone to such trouble and expense as to test 
these very features of friction and noise and have emphasized their 
importance in the past, as where Mr. Lewis in his previous report' 
said that these experiments should “throw a flood of light on 
the problem in hand,” it seems rather late in the day to say that 
it is “ hardly worth consideration.” even if the differences were 
slight. If I understand the tabulated results the differences are 
not slight. Taking all the speeds and tooth loads tabulated, the 
B. & S. Standard is shown to run with an average of 12 per cent 
less tooth friction than the best of the other systems tested. For 
the highest speed the B. & S. Standard shows 22 per cent less 
tooth friction. Assuming the Same percentage of vain in dura 
bility and quiet running the difference cannot be considered as 
slight and hardly worth consideration. 

The statement in Par. 6 that the 1414-deg. gears showed su 
perior running qualities probably because of better workman 
ship, would hardly seem a plausible one as all of the gears under 
test were cut by experts. Such a statement looks like an attempt 
to explain away facts to help a theory. 

I will venture the assertion that the difference in favor of the 


141.-deg. gears will show even more favorably as compared with 


1 Trans. Am. Soc. M. E., vol. 32, p. 823. 
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the others, after having been run to a point where all the sets 
show wear; also that they would show up to greater advantage 
if all of the sets were run with a given degree of error in align 
ment, that is, assuming that the other gears are cut with a true 
involute curve the entire length of the tooth. 

The report is misleading when it says of the gears with 141% 
deg. pressure angle that “ they do not admit of the variations in 
center distance which Is known as one of the chief advantages 
in the involute over all other forms of gearing.” That they do 
in practice allow of such variation can be demonstrated by the 
gears of this system now in the possession of the committee, and 
the favorable comparison in this respect with other systems, will, 
it is believed, be even more evident as the gears become worn, 
the easing off of the points of the teeth being such as to reduce 
the wear and minimize its evil effects. This additional length 
of tooth thus serves a useful purpose and is believed to be one 
of the chief reasons for the quiet running of these gears as shown 
in the tests reported, as it gives an easy action of approach in 
stead of having a sharp corner with its tendency to a gouging 
action, as in the case of a short tooth made involute its entire 
length. 

Noise means wear, and quiet running not only means less rack 
ing of the nerves, but greater durability and financial saving. 
Less wear means less back-lash, as does also the smaller pressure 
angle where a given amount of wear produces less back-lash than 
in the case of the greater pressure angle. 

Such conditions of wear, inaccuracy of alignment and vary 
ing center distance, are the practical conditions under which 
the majority of the gearing in use is run, and any system which 
does not most fully provide for such needs cannot be recom 
mended for general adoption. 

I trust that it may not be felt that, as representing the Brown 
& Sharpe Mfg. Co., I am coming forward to oppose any change 
from the established standard simply for commercial reasons. 
If commercial reasons were the ones governing. a change might 
be encouraged which would throw the burden of equipping with 
new cutters and hobs on the manufacturing public, because this 
change while proving expensive for the user of cutters, would 
bring new business to the cutter manufacturers. It would mean 
to the user not only the loss and confusion due to having part of 
his equipment of cutters of one system and part of another, not 
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interchangeable with each other, but it would require more cut- 
ters in a set to maintain the same standard as at present, Be. Gis 
where eight cutters now make a set to cut from a 12-tooth pinion 
to a rack for ordinary work and where 15 cutters make a set 
for work where the conditions are more exacting, the adoption 
of a system with a greater pressure angle and shorter teeth would 
require more cutters in each of these sets, all of which would 
make business for the manufacturer of cutters. 

My collpany Is equipped to make cutters or hobs by the pro 
posed Systeln as well as by the present, but in the interests of 
the user and for the reputation of the maker, such cutters would 
not be made involute the full length of the tooth unless spe 
cifically ordered to be so made. 

Long experience with the gear question and its many pitfalls, 
leads us to take a conservative position at this time and to give 
a word of caution as to any action which in the light of future 
experience might be found to have been hasty. We believe that 
no action should be taken leading away from the present estab 
lished gear-tooth system until after the exhaustive experiments 
under actual working conditions recommended by the commit 
tee have been made, and have proved conclusively that some new 
system meets those working conditions better than that now in 
Common use. 


Henry Hess. The committee have done yeoman work. They 
have given enormously of their time and themselves carried a 
heavy burden of expense, and the special thanks of our members 
are due them. 

There is one decided objection to the Brown & Sharpe system: 
It does not lie in the performance of those gears; it lies in the 
fact that no one knows what that system is. It is a system of 
a certain general type modified, as its sponsors say, necessarily, 
but aside from those manufacturers, no one person knows defi 
nitely what that modification is. It may be laid down as ani 
omatic that no system can hope to receive recognition as a stand- 
ard which is confined to a single firm, no matter what the emi 
nence of that firm nor how well it may have performed its work, 
not even though it have the deserved] high standing that B. & S. 
means the world over. 


Tue Commirree. In the discussion of this report, Mr. Bur 


lingame seems to lose sight of the fact that, until the Brown & 
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Sharpe Standard has been mechanically detined, it is really any- 
thing that Brown & Sharpe choose to make, and, as stated 
by Mr. Hess, no one, aside from its sponsors, knows exactly what 
it is. Some criticism has also been made on the want of uni- 
formity in the cutters furnished for the same purpose at dif 
ferent times, and although some variation might reasonably 
be expected in the output of such products, it is impossible for 
the user to know what is right or what is wrong in the absence 
of a comprehensive definition which might enable others skilled 
in the art to make and use such cutters. 

Mr. Burlingame also loses sight of the fact that the Brown 
& Sharpe Standard is not preferred exclusively on account of 
its running qualities and that “the very smooth sound of the 
Brown & Sharpe gear was especially noticeable at low speeds 
and light loads.” Quite as many, if not more correspondents, 
preferred the stub tooth, and a further comparison of the Brown 
& Sharpe gear with the sample 221,-deg. involute gear, has 
satisfied the majority of the committee that although the Brown 
& Sharpe test gears run more smoothly, that is with less vibration 
in the noise per revolution of the gear wheel, there is really very 
little difference in the average volume of sound. The 2214-deg. 
gear produces pulsations of sound which coincide with the revo 
lutions of the wheel and Mr. Bilgram has no doubt that these 
are due to a slight eccentricity arising from cutting this gear 
on an overhung arbor. Unfortunately no apparatus has as yet 
been devised to visualize the noise and so enable definite com 
parisons to be inade at different times. It was hoped at the 
outset that something of this sort might be developed at the 
Massachusetts Institute of Technology, but in this the committee 
has been disappointed and it recognizes the difficulty of making 
accurate comparisons between the hum of a given pair of gears 
while running and the hum of another pair which ran some time 
before. Such impressions are naturally very elusive, but it can 
hardly be denied that smoothness or uniformity in the noise in 
dicates uniformity in the work and a high degree of accuracy 
in spacing the teeth. This admission in favor of the products 
of the Brown & Sharpe Manufacturing Company does not lead, 
however, to a conclusion in favor of the Brown & Sharpe Stand- 
ard, because any standard would undoubtedly appear to the best 
advantage when so perfectly applied. 


The committee does not doubt that for a 1414-deg. involute 
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system, the modifications embodied in the Brown & Sharpe 
Standard to avoid interference and promote interchangeability 
are as C¢ miplete and effective as can be devised, but a majority 
of the committee does not recognize the necessity for so little 
obliquity in involute gearing as to cause any modification what- 
ever in the true involute form. This attitude has been con- 
demned as subservient to a theory and the contention has been 
made that a question of such importance should not be treated 
as an academic matter, but the majority of the committee does 
not recognize any linit to the application of sound principles 
nor any point in the problem to be solved beyond which such 
principles must give way to empirical methods. In the choice 
of an interchangeable system of involute gearing to include a 
lY-toothed pinion and a rack, it is perfectly clear in the first 
place that an obliquity of 14144 deg. will not give enough are of 
action between two 12-tcothed pinions to cover the pitch and 
that when such pinions are made to run together they do not run 
aus involute gears. If their flanks are radial as they appear to 
be in the B. & S. Standard, such pinions are necessarily more 
closely related to the discarded and condemned cycloidal sys 
tem than to the involute, with the merits and defects of both 
only partially realized. 

If the teeth do not bear to their ends when new they must do 
so later on as the result of wear, and if they show less friction 
because contact does not take place over the whole addendum 
when new, this is just as it should be from a theoretical stand 
point. The ditlerence, however. is slight, and if experi ents 
were needed to prove that obliquity alone has no effect upon the 
friction of the teeth themselves, the evidence adduced should help 
to establish that fact. The close relation between friction and 
the working length of the addendum is also clearly indicated in 
the experiments and both of these relations are fully sustained 
by analysis. 

It is admitted that a slight increase in journal pressure will 
result from an increase in obliquity, but it cannot be said with 
certainty what the obliquity of the Brown & Sharpe Standard 
really is, because the nominal obliquity of 1414 deg. is all that 
is known, leaving the obliquity of the modifications in doubt. 
It is certain, however, that the increase in pressure due to an 
obliquity of 2214 deg. cannot exceed 5 per cent and in all prob 
ability it is considerably less. This increase in journal pressure 
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has always been the chief argument against an increase in ob 
liquity, but it does not appeal to the majority of the committee 
as the most important consideration in the selection of a stand 
ard system of interchangeable involute gearing. 

Nothing has been said about the number of cutters in a set 
nor the effect of the approximations which are necessarily made 
in milling an unlimited number of gear sizes with a limited 
number of cutters. The number of cutters in a set naturally 
depends upon the degree of accuracy desired. Brown & Sharpe 
cover the field very well with 8 standard cutters, they do it 
better with 15 and still better for eycloidal teeth with 24 cut- 
ters; but another well known maker has never been satisfied 
with less than 24 cutters in a set, whether involute or eveloidal 
in form. To avoid pounding on the ends of teeth, the cutters 
selected to form a sel should never he used Ooh gears has nye fewel 
teeth than the number on which they are formed. This is the 
well-established practice of Brown & Sharpe and it is undoubt 
edly correct, but it simply mitigates the evil of using the wrong 
cutter. 

When gears are hobbed or venerated Ooh a gear shaper, one 
cutter serves to make all sizes on the principle that gears 
which run with the same master wheel acting as a cutter, will 
run together. This principle is correct if the addendum of the 
master cutter is prol nged to cover the same are of action as a 
rack cutter, and for the proposed root clearance of 14 module. 
such master cutters should not Have less than 30 teeth, or the 
equivalent in a hob, but of course smaller cutters can be used by 
increasing their addendum and consequently the dedendum of the 
vear cut, which is not a vital matter. The spring in the machines 
used also affects the results obtained, and in general it may be said 
that all gear teeth are more or less approximate in form whether 
milled or hobbed or planed. They are, therefore, all subject to im 
provement or depreciation, as the case may be, from wear, and 
this deals with quantities too minute to be measured or cor 
rected in the cutters themselves. 

Interchangeable gear teeth which are true to form and evenly 
spaced generally carry the whole load on one tooth at and near the 
pitch line, and divide it between two teeth at the remoter parts of 
the are of action. In such gearing, it is very unusual to have 
more than two teeth engaged at one time and not at all desirable. 


since a large are of action between large gears means a short 
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are of action between small gears of the same series. Sut it is 
absolutely necessary to cover the pitch and to cover it well. Hav- 
ing done this by means of an obliquity and an addendum which 
avoid interference throughout the series contemplated, the relief 
supposed to be needed at the ends of the teeth to promote 
smoothness in running takes care of itself through wear. There 
is no need of any modifications or allowances for this purpose 
in involute gearing because the tendency of wear is to relieve 
the points and concentrate pressure in the neighborhood of the 
pitch line. Further than this, gears cut with cutters formed to 
a smaller number of teeth are necessarily relieved at their points 
more than the best action requires and the full are of contact 
is attained only by wear. 

On the other hand, cycloidal gear teeth tend to wear uniformly 
under constant pressure and therefore more in the neighborhood 
of the pitch line, where the load is undivided, than at their points 
where the load is divided. Consequently there is a greater tend 
ency for such teeth to wear less at their ends and pound. It is 
no wonder, therefore, that the evcloidal system is “dead,” as 
declared by Mr. Vernon in the discussion referred to by Mr. 
Burlingan.e. But if, at one time, when in favor, its demise had 
been predicted by an analysis of the effect of wear, as it surely 
might have been, the advocates of empirical methods, who know 
something better than theory and want to be shown in a practical 
way, would no doubt have stood by this standard against any rea 
sonable arguments based upon broad general principles. But 
there is no difference between theory and practice when both are 
properly understood and applied. Kach supplen ents and aids the 
other in arriving at the truth, and any sort of interchangeable 
gearing which is not based upon some theory of the proper action 
of gear teeth, is certainly not a system. It may work well enough 
or very well indeed as a composition, but it lacks the binding 
force of a unitary principle which makes the reproduction of 
every cutter absolutely determinate and reliable. 

The proposed standard covers a wide range of numbers from 
lY teeth to a rack. It gives a large increase in strength over 
the Brown & Sharpe Standard and a better distribution of wear. 
The wide angle enhances the freedom in cutting by any process, 
and the involute form without alteration or correction of any 
kind simplifies the problem of grinding after hardening. 

Although no action has been taken to establish the number of 
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cutters in a set nor the lateral clearance between cut teeth, it 1s 
evident that the same number of cutters will approach perfec- 
tion in the proposed system as well as in the Brown & Sharpe 
Standard, and since contact on both sides of the teeth 1s impos 
sible in any approximation, it is suggested that the thickness of 
all cutters at the pitch line, measured on the chord, be taken at 
one-half the pitch measured on the pitch circle. ‘The clearance 
would then be a maximum for two engaging 12-toothed pinions 
and in this case it would be barely 0.003 in. for 1 in. pitch, or in 
general not more than 0.003 of the pitch, whatever that might 
be, This would reduce the clearance almost to the vanishing 
point and yet leave enough to relieve unavoidable errors in form 
ing and spacing. Of course, clearance or backlash will always 
increase with wear, but ordinarily when transmitting power 
there is no rattle or noise from this cause. In cases where all 
backlash must be eliminated and the teeth made to touch on 
both sides while running, the completion of the gears by grinding 
on each other puts them in a special class which can hardly be 
considered interchangeable. They may wear in this way out of 
their original shape but not out of rolling contact which covers 
an infinite variety of shapes beside the Brown & Sharpe Stand 
ard. 

So, while admitting that the Brown & Sharpe Manufac 
turing Company has pre bably made the best possible adaptation 
of 1414,-deg. obliquity to practical use, the majority of the com 
mittee cannot, for the reasons stated, accept this composition as 
the ideal form of gearing which should be adopted for an inter 
changeable involute standard. 


























ECONOMICS OF CENTRAL STATION HEATING 
sy Byron T. Girrorp, Cuicago, LL 


Junior Member of the Society 


The first meeting of the new ly organized section of the Society) 
in Chicago was held on April 9, 1913. About 55 members and 
guests were in attendance and Paul M. Chamberlain, chairman 
of the meeting, presided. The question of holding meetings joint 
ly with the Western Society of Engineers was discussed. and it 
was decided that such an arrangement would not be attempted 
at present, although it might be brought about at a later time. 
It was further voted that in addition to the professional meetings 
planned for the coming vear, one meeting devoted almost entirely 
to social matters should be held in order that the members might 
hecome better acquainted. 

Byron T. Gifford, manager of the engineering department of 
the American District Steam Company, then read a paper on 
the Economics of Central Station Heating, an abstract of which 


follows. 
ABSTRACT OF PAPER 


There are three important branches of central station heating: 
(a) the production of heat units; (4) the distribution of this 
product; and (¢) making the service attractive to the consumer. 

The first of these, the veneration of heat. Tien \ he handled 1 
three distinct methods: by direct firing, or “ straight fuel burn 
ing” plants: by an electric generating plant with heating as a 
by-product; and by a combination of a by-product plant and a 
heating plant. 

Owing to many causes the heating plants of the future will 
be of the last type. In an arrangement of this kind, electricity. 
for instance, can he produced much more cheaply than is possi 
ble in the most economical electric plant, and there are a number 
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of ways of disposing of this by-product: It may be sold to an 
existing electric plant at a wholesale rate; a market may be made 
for it by creating industries requiring a fairly large amount of 
electricity ata comparatively low price. The author has in mind 
the case of an industry which has supplied to it 400 kw-hr. of 
electricity 20 hours per day, 365 days per year, at less than 1 cent 
per kw-hr. The net income to the heating company from this 
by-product is more than sufficient to meet the payments of the 
bond interest, taxes and insurance of the entire property. This 
additional income, amounting approximately to $11,000, is being 
handled with an increased operating cost of $2200, as compared 
with the operation of the plant the year previous when no elec 
tric current was generated. With a simple or a twin Corliss 
engine a kilowatt of electricity can be generated under conditions 
which exist in the average central heating plant with 45 Ib. of 
steam. Assume for example a heating plant serving 200,000 sq. 
ft. of steam radiation. This load gives an average demand on the 
boilers of about 40.000 Ib. per hour, which, if sent through a 
simple or twin Corliss engine, will develop 880 kw-hr. of elec 
tricity. Assume that this electricity is sold to some consumer for 
1 cent per kw. at this price 1 cent would be realized for every 
15 lb., or 22 cents for every 1000 Ib. of steam delivered to the 
heating mains before it had left the station. The history of 
central station heating has proved that a rate averaging 60 cents 
per 1000 Ib. for steam is reasonable and can be procured from 
any heating consumer. This would mean S82 cents per 1000 Ib. 
for the steam generated, which is a good return on the invest 
ment, 

Heating plants in the United States at present vary in size 
from a connected load of 10,000 Sq. ft. of radiation to a connected 
load of 1,750,000 sq. ft. of radiation. These plants are built in 
towns of upward of 1000 pec ple. 

There are few electric generating plants that can put a kilo 
watt-hour of electricity on their switchboard below a cost of 
4 cent per kw-hr., and there are also few electric plants that can 
generate and distribute to the primary side of their transformers 
for a cost of 1 cent per kw-hr., especially when the overhead and 
fixed charges are considered. Heating plants, with electricity as 
a by-product can do this, and this fact alone will make a place 


for central heating plants. Sone of the larger operating com 
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panies are doing this at the present time and others are building 
properties to operate along this plan. 

Regarding the second point, distribution, in water works or in 
gas properties the losses from distribution consist of leaks and 
pressure drops due to friction which is caused by insuflicient 
pipe capacities. In central heating there are these two losses to 
contend with, and in addition the loss from radiation, called 
‘line loss ” by central heating engineers. Leaks are a decided 
detriment to heating pipe line, and the loss from this source is 
probably more serious than was at first supposed. Assume for 
example, a hole 3/4 in. in diameter in a pipe line containing steam 
at 5 lb. pressure. With an evaporation of 7 lb. of water per lb. 
of coal, this leak will cost 23 tons of coal per month. A leak 
of this size is equally as detrimental in a hot-water heating sys 
tem. The loss from friction affects, of course, the initial pres- 
sure to be carried on the heating mains, and consequently atlects 
the back pressure to be carried on the engines. 

As to the detriment of too high a friction loss, in a 3-in. steam 
line 1000 ft. long, carrying 1000 lb. of steam per hour, the fric 
tion loss will be equal under average conditions approximately 
to 1460 B.t.u. per hour. This same load carried 1000 ft. in a 
Olo-in. line will show a friction loss equal approximately to 500 
B.t.u. and a 4-in. line under the same conditions will lose only 
240 B.t.u. from friction. 

The radiation loss from central heating is even more impor 
tant than friction loss, from the b.t.u. standpoint. There 1s a 
number of styles of underground insulation in use to-day, which 
lose any where from 0.03 Ib, to 0.58 Ib. of steam per sq. ft. of 
underground surface per hour. 

In order to determine the most economical line to instal it is 
necessary to combine the friction and radiation losses. Take, for 
example, a demand of 1000 Ib. of steam per hour which must be 
carried 1000 ft. A 3-in., 31%-in., 4-1n. or 41%- 


this work. but the most economical size must be determined. The 


n. pipe will do 


loss from friction would be 1460 B.t.u. per hour on the 3-in. line: 
500 B.t.u. on the 314-in. line; 250 B.t.u. on the 4-in. line and 
130 B.teu. on the 414-in. line. 

Assume a radiation loss of 0.05 lb. of steam per sq. ft. of under 
ground surface per hour: the radiation loss from the 3-in. line 
will be approximately 45,000 B.t.u. per hour; 314-in. line ap 


proximately 52,000 B.t.u.; 4-in. line approximately 58,000 B.t.u. ; 
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414,-in. line approximately 65,000 B.t.u. Combining these two 
losses, it is seen that the 3-in. line is the most economical to in 
stal, provided it does not atfect the heating station conditions by 
causing excessive back pressure on the engine. 

Experience has shown that a 3-in. line carrying this load the 
given distance will have a drop in pressure of about 7 |b., and as 
it is necessary to have 1 lb. pressure at the end of the line, it 
means that the back pressure at the station would be approxi 
mately 8 lb. If this pressure is excessive it would be necessary 
to run a 3%-in. line, which would give a back pressure of less 
than 5 lb. The ditference in cost between a 3-in. and a 31.-In. 
line is comparatively small. The cost of material is somewhat 
less for a 3-in. line; the cost of labor is approximately the same. 

To show the value in dollars and cents of eflicienc in under 
ground insulation, a piece of line insulated with a construction 
that will lose 0.05 lb. of steam per sq. ft. of underground surface 
per hour may be compared with a line insulated with a construc 
tion that will lose 0.14 per lb. per sq. ft. per hour. Both con 
structions are found in everyday practice. For this purpose an 
S-in. line 1000 ft. long will be considered. Such a pipe has 2.25 
sy. ft. of surface per lineal foot. In the first case the line loss 
will amount to 112 lb. of steam per hour; in the second case to 
215 ft. Assuming a generation cost of 30 cents per 1000 Ib., in a 
season’s operation (from October 1 to June 1, or 5532 hours) a 
line loss in the first case will equal $195 per vear and in the sec 
ond case $550 per year. 

The money saved, therefore, will be the difference between 
these two figures, or $355 per year. This is 10 per cent on 33550, 
an amount which can be spent to instal the more efficient con 
struction. Since the difference between these line losses is 0.09 
lb. of steam per sq. ft. of underground surface per hour, and 
since the example assumed consisted of 1000 ft. of 8-in. line, 
which is 2250 sq. ft. of surface, it is seen that for every 0.01 Ib. 
of steam saved on this 8-in. line, approximately $400, or 20 cents 
per sq. ft. of underground surface, can be spent. 

Another interesting example is the comparison of two insula 
tions on an entire underground heating installation. This in 
stallation consists of approximately 800 ft. of 12-in. pipe line. 
1200 ft. of 10-in. pipe line, 3600 ft. of 8-in. pipe line, 4200 ft. of 
6-in. pipe line, and 7300 ft. of 4-in. line and surface. The number 
of square feet of underground surface in this system is equal 
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approximately to 30,000 sq. ft. Comparing two insulations, one 
with 0.04 loss and one with 0.09 loss (difference 0.05) by the fol- 
lowing formula which the author has derived, the more efficient 
insulation in this case will be worth $30,000 more than the less 
efficient : 


where 
V the difference between the two insulations in hun 
dredths of a pound of steam lost per hour 
S the number of square feet of surface per lineal foot 
of pipe 
L the length of pipe 
( a constant based upon the cost of steam per thousand 
pounds and the number of hours in the heating season 
Where the steam costs 30 cents per 1000 Ib. and the heating sea 
son is 5900 hours, the value of (' is 21 cents. 

Regarding the third point, making the service attractive to 
the consumer, it is not necessary, perhaps, to wrap it up in a 
food looking package, but it is necessary to have it attractive 
in price and quality. That this class of service is attractive is 
shown by the fact that central heating plants, with few excep- 
tions, have had no trouble holding their consumers. It is this one 
fact, as much as anything else, that has put many heating plants 
into trouble. They have been tempted to serve a larger territory 
or more consumers than their plants could economically handle, 
and they have been tempted also to extend their services without 
due regard to the economics of the proposition, 

As to the best method of selling the heating service, exper! 
ence has shown that the meter basis is the most equitable. The 
rate will depend upon local conditions. A number of companies 
are selling steam on the meter basis, with a sliding scale rate; 
others have devised a maximun demand or readiness to serve 
rate, both of which work out admirably in practice. The quality 
of the service is always sufficiently attractive to obtain a large 


percentage of the possible consumers. 
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In a paper read at the Cambridge n.eeting of the Institution 
of Mechanical Engineers entitled A Few Notes on Engineering 
Research and Its Coérdination, G. H, Roberts advocates the 
necessity of a definite and generally recognized system for mak- 
ing known the results of the numerous private researches and 
eXperiments which are continually being carried on. He makes 
the following statement: “The author is not unaware of the 
fact that many arrangements are now, and have for some time 
been, In operation giving references to work carried on elsewhere, 
and need only instance the excerpts published in the Proceed- 
ings of the Institution of Civil Engineers, of the Lron and Steel 
Institute, and by The American Society of Mechanical Engi- 
neers, to mention but a few. ‘These references, excellent though 
they be, are, however, usually in the nature of general records of 
works accomplished rather than of researches carried out with 
definite objects in view.” 

It would require a more complex organization than probably 
eXists in the case of any of the societies mentioned to establish 
a clearing house and advance depositary of engineering informa- 
tion in connection with their publications. There can be no doubt, 
however, that an international exchange of information concern- 
ing engineering investigation would be of great advantage and 
the suggestion should have consideration as indicating a direction 
for future development. In the Foreign Review of The Ameri- 
can Society of Mechanical Engineers all that has been attempted 
has been to bring to the American engineer, in as clear a form 
us space permitted, such data published abroad as might be of 
interest to him in his day ‘s work. The letters received at this 
office, as well as the fact that abstracts from The Journal are 
frequently reprinted in the form of regular articles by American 
and British technical papers, indicate that, in its own field, the 
Review helps the English speaking engineer to know at least 
what has been done abroad, even if it cannot as vet tell him of 
work not ready for complete publication. 
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THIS MONTH'S ARTICLES 


The article of Hoefer on the flow processes in the ascending 
pipe of the Mammoth pump, though referring more particularl) 
to this particular apparatus, applies equally well to other types 
of air-lift pumps, and may be of interest to hydraulic turbine 
engineers. Data of the Allevard tests on water hammer bring 
out an important fact, viz., that the water conduit pipe subject 
to water hammer, due to sudden closure of the outflow opening, 
must be made equally strong all along its length, although this 
is not necessary where provision is made for gradual closing 
only. ‘These tests also confirm in part the Allievi theory, of 
which a second installment is reported in this issue. This theory 
is considered, and generally so recognized in Europe, of such 
importance that a very complete abstract, showing as far as pos 
sible the mathematical processes used by the author, is given. 

Bartel indicates the economic limits of the gasification of low 
grade fuels, and attempts to prove that, as matters stand now, a 
gas-fired boiler with a steam turbine is more efficient for large 
installations than a straight gas engine plant, even though the 
latter is more efficient thermodynamically. In the section Me 
chanics the first part of an article on shock absorption in power 
vehicles is abstracted, as well as an article on the experimental 
determination of the coefficient of cyclic variation by means of 
an eddy-current tachograph. In the same section Z. Carriére 
describes a convenient and certain cinematic method of measur 
ing air velocities, particularly convenient for calibrating pitot 
tubes and similar instruments. 

The next section contains a description of a recording load in 
dicator showing the load fluctuations of an engine, and thus gis 
ing data interesting both in testing engines, and in many cases 
of their industrial operation, e.g., in isolated plants, rolling 
mills, ete. The Bourlet apparatus for measuring the vibrations 
of solid bodies in case there is no fixed support for the measuring 
apparatus will probably be of particular interest to automobile 
and aeroplane manufacturers. Data and charts in connection 
with blowing-off of boilers, and results of tests on resistance of 
fered to the flow of superheated steam through smooth and cor- 
rugated expansion pipes will be found in the section Steam Engi- 
neering. In other sections will be found articles on torsion indi- 
cators, strength of soft steel bars with drilled and reamed holes, 
electric atomization of metals, ete. 
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Hydraulics 


INVESTIGATION OF FLOW PROCESSES IN THE ASCENDING PIPE OF THE MAM 
MOTH Dump (Untersuchungen iiber die Strdmungsvorgdinge im Steigrohr 
eines Druckluftiwasserhebers, K. Hoefer. Zeits. des Vereines deutscher 
Ingenieure, vol. 57, no. 30, p. 1175, July 26, 1913. 9 pp. 17 figs., etA). 
Tests of flow processes in the so-called Mammoth pump. It was found 
that some data of tests do not agree with the values obtained by calcu 
lation and the author came to believe that this was due to the failure 
of taking into consideration the velocity of flow of the air with respect 
to water, when passing through the ascending pipe. It is impossible to 
determine this “relative velocity of air” theoretically, and the tests de- 
scribed have been undertaken for the main purpose of determining it 
experimentally. In all the tests water at ordinary temperature was used, 
and the ascending pipe had the same diameter of cross-section throughout 
its length. The tests were made in the machine construction laboratory 
of the Technical High School at Berlin. 

The first series of tests was to determine the velocity of air bubbles 
rising through the water, as a function 


f the diameter of the bubble. 
Under the assumption that the bubbles are perfect spheres, the following 
formula ought to hold good: 


v, const. V3(y~ Oe Dakine Kees é en Ae wee wee 
where 6 is the diameter of the air bubble, yw specific weight of water, and 
y, specific weight of air. This equation shows that (a) at the same dis 
tance from the surface of the water, a larger bubble moves with greater 
velocity than a smaller one, and (0) the velocity of an air bubble rising 
through water constantly increases owing to the expansion of the air, 
and consequent increase of 6. Instead of following the theory as set forth 
in this equation, the tests have however presented the rather startling 
relation between diameter and speed shown in Fig. 1A, where the speed 
rises rapidly at first with the diameter, reaches a certain maximum value at 
6 1.1 mm (0.043 in approximately, and begins to decrease slowly, until it 
reaches a minimum, from whence on it again begins to rise. This remarkable 
behavior of the curve may be partly explained by the fact that, contrary to the 
assumption of equation [1], the bubbles are not spherical; the main reason why 
the spec d decreases 1s because of the fact that when the bubbles have diameters 
less than 1.1 mm, they rise through the water vertically, and, if deflected, resume 
1 vertical direction again when free to do so. If, however, the diameters are even 
a little in excess of 1.1 mm, the path of the bubbles become helical, which explains 
the slower speed in the purely vertical direction. The transition from straight 
line to helical motion could be clearly observed in several cases As the diameter 
increases still further, beyond 3 mm, the helical path of the bubble loses its regu- 
larity, and at the same time the shape of the bubble s becomes more and more 
unlike a sphere; the resistance of water tends to flatten them, so as to make the 
horizontal diameter greater than the thickness of the bubbles The rising branch 
of the curve in Fig. A may be determined approximately by the equation 

vy, =0.275 5'-4m/sec. for 6 — 1.1 mm ; [2] 


and 


+-().0379 5°*m /sec. for 6 15 mm 3 
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For 1.1 mm 5 15 mm a simple mathematical relation between 6 and 1 





cannot be established The above shows definitely that there is no similarity 
whatever between the theoretical equation [1] and the experimental equations 
[2] and [3]. Further experiments have shown that the spec d of the motion of the 


bubbles through water remains the same when the pressure is somewhat it 


excess of the atmospheric, tests having been made with pressures up to Ld 
atmospheres gage 

A further series of tests was made to establish directly the velocity of the au 
bubbles in the ascending pipe of the Mammoth pump (the description of the 
methods used has to be omitted owing to lack of space It has been found that, 


at first, the velocity in the higher parts of the ascending pipe is below that in the 








26 tor S215 mm. 


Velocity vy 





lower strata, but increases again when the upper half of the pipe is reached. The 
average speed in one representative test has been found to be 0.28 mm (0.0109 in 


per sec., the air bubbles having diameters from 3 to 5 mm Since the 


peed from 
Fig. 1A for bubbles of these diameters ippears to be only 0.25 mm (0.01 in per 


sec... the speed of the smaller bubbles does not materially seem to affect the 


average speed of the mass of air flowing. The velocity of air increases with the 
increase in the amount of air flowing, as shown graphically in Fig. 1B, which 
shows also that the relative air velocities (relative with respect to the water) are 


considerably greater than was usually supposed, the increase in velocity with the 
increase in the amount of air flowing being due probably to the prevalence of 
large bubbles, and these high pale of the air velocity » are 
the low efficie ney of the Mammot} 


hat 
MLD 


probably the cause of 


pump The author states in onclusion that 
while the data reported here give an insight into the theory of the Mammoth 
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still insufficient for its theoretical calculation, which would be- 


pump, they are 
is affected by the 


come possible only when it was known how the air velocity 
between the draft 


inside diameter of the ascending pipe ind by the relation 
and delive rv he ad or E F These experiments also fail to show how v may vary 


with still larger amounts of air flowing The article also contains methods for 


calculating some of the elements of operation of Mammoth pumps, not reported 


he re owing to lack of space 


FRENCH TIYDROTECHUNICAL Society (Nocidte Hudrotechnique de France 
La Houitle Blanche, vol 12, no. 6 p. 178, June 25, 1913. 5 pp. eg) Sul 


saquent to the Congress of White Coal in 1902, a French turbine commis 


Slo Was appointed, with an extensive program, but comparatively modest 
lnenns at its disposa It did a certain amount of useful work, but the 
ack of means prevented it from accomplishing all that its program prom 
sed. so that when in 1912 the French Hydrotechnical Society was formed, 
The COMMISSION ted to disband, and to lenve to the new so ety the task 
of finisl gy its worl As most of the work done by the commission has 
heen duly published, only the part referring to the action of water ham 
lel M Iv reported here owing to its connection with the articles of 
Allievi and de-S rre, published in this and the preceding issues of The 
Journe Pests ide at Allevard have shown that water hammer is pro 
clipes bv damped waves, in conformance wit] the theory The first wave, 

“ tely flat on top, conforms fully to the views of Allievi, and by a 
tlenlation of overpressure due to the water hammer by using the 

a 
! \ a value is found which is in full accord with 
d 
he experimental values But, contrary to the theory of Allievi, all the 
following waves have a damped sinusoidal shape. The period, Le. the 
length of waves of the water hammer, which in the Allevard experiments 
lisa be found » he equal to 1.84 seconds, also does not fully agree with 
the theory of Allievi, and is longer than 41/4, where ZL is the length of 
thre onduit in meters, and @ is the speed of propagation of the waves 
dete ed fror thre ormiula 
SM) 
ad 
| iSK.5+ A 
‘ 

‘) Wihrometi rves certain very marked irreg irities are noticeable 
in the for of thatte ney out of the curve at certain spots, or pressure 
considerably below the atmospheric. or overpressures at other spots 1] 
of these rregcu rities being evidently due to the nfluencce of a ymrasite 
Wi Ve vhich is reflected when the diameter of the pipe varies, and comes 
bos to the outtlo mritice Various curves taken fro pressure records 
of expe ‘ \ h the flow of water was not entirely stopped, clearly 
sho e extreme pidity of the damping produced by a continuation of 
flow through the wvitice, there being in that case only one or two waves 

s against ZO and more in the case of complete closing. 

The numerous diagrams taken the case of sudden opening of the 
outlet clearly show the positive water hammer following the negative 

hammer i tinlls enused by thie sudden oOpeniig Sire however 


water 
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continuing flow very rapidly produces damping, the amplitude of the posi 
tive water hammer is notably below that of the negative. By placing 
recording pressure indicators at various points along the conduit, it has 
been found that the wave produced by a sudden closure of the conduit 
outflow opening travels with nearly the same intensity all along the con 
duit until close to its upper free opening, which is in accordance with the 
theory of Allievi, and is of particular importance to conduit designers as 
it shows that the pipe must be of such strength throughout as to be able 
to support an overpressure not only in its lower part, but practically up 
to the top free outlet. This, however, applies only to sudden overpressures, 
because a gradual closing produces a variation which in its propagation 
meets with the interference due to other waves coming in the opposite 
direction, or produced by changes of section of the pipe, and more or less 
substantially reducing the water hammer action in the upper parts of the 
conduit. In general the Allevard experiments have shown that the Allievi 
theory is correct as far as the first wave is concerned, but that the follow 
ing waves, probably modified by the viscosity of the water, friction against 
the pipe walls, and interference on the part of other waves, direct or 
reflected, tend to become rapidly sinusoidal, even though the first wav 
following the sudden closure of the conduit outflow opening was trape 


zoidal. 


THEORY OF WATER HAMMER (Théorie du coup de bélier, L. Allievi, Bu 
technique de la Suisse Romande, vol. 39, nos. 11 and 14, pp. 121 and 159, June 10 
and July 25, 1913. Serial article, not finished. ¢A). Continuation of the ab- 
stract published in The Journal, August 1913, p. 1287. Let us assume that in a 
conduit, the permanent operation of which is characterized by y, and vo, a period 
of disturbance is created by manipulating the pipe closer, the beginning of this 
manipulation coinciding with the time t=0; by ¢ let us denote some instant be- 
tween 0 and yu, belonging, through being in that interval, to the nhase of th 
positive blow; let us further provide with indexes: 

1 2 3 } ete. 
the values of the variable quantities corresponding to the instants 

ty tu t+2u ii+3u ete 
of the Ist 2d 3d ith ete pha e, 
and let us denote by capitals the variations occurring at the section of the abscissa 
x=0, adjacent to the pipe closer. Equations [2] and [3] (The Journal, August 
1913, pp. 1287-1288) can then be written as follows 


aa | 
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The first general consequence that can be deduced from the nature of the 


[5] is that the series of load values Yi, Yo, Ys, etc., 
as well as the corresponding series of velocity values V;, V2, Vs, V4, etc., separated 


systems of equations [4] and 


from one another by intervals of time equal to the duration of a phase, constitute 
interconnected series, i. e. series of values which depend only on the initial con- 
ditions and the positions of the pipe closer at the instants: ty, tu, 4 +2y, ete., 
but neither on the intermediary positions of the pipe closer, nor on the values of 
Y and V through which they may have passed in the intervals separating these 
instants 

The analytical expression of this series formation is obtained by eliminating 
F; from the systems [4] and [5 To do this, add each equation of [4] to the one 
preceding it and subtract each equation [5| from the one preceding it. The 
following is then obtained: 


a 6 
) ) 2y V,-—) | 
If we denote by Y the ratio between the variable area of the outflow opening, 
ind the area of the section of the conduit, then 
t | 
y » and y 
where u, and u; are the efflux velocities corresponding to loads y, and Y,; further, 


n may denote the ratio , or the ratio of the actual opening of the outflow 
orifice, to that opening of it y which is taken as a unit 
Assume further that 
i . i 
y ’ } ; ) niu 
2q 2q ‘ 
and introduce into the equation the characteristic » which may be defined by the 


equation: 


_ 
i ‘ 
2qy d 
the following is then obtained: 
u u 2 pu i ny li ) 
Mi +o +2u Zpu mu Nol SS 


) 


which is a system of quadratic equations where the only unknown magnitudes 


are the velocities of outflow u The author, in accordance with the first of his 


principles, proceeds now to substitute for the absolute values of u relative values 
referred to u,, which can be done by dividing all the equations of the system [8 


fl 


by u., if ¢ . hence: 
uM _” 
4 ] «~ l 714 ) 
r r 2=2Zp (mi nos o 
which connects the vaiues of the interconnected series ¢), €:, ete., and which the 


author calls fundamental system because, as shown later, it contains the entire 
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theory of the water hammer The first of the equations of [9] can evidently be 
expressed in the form 

Gots = =<p (Nos m1) 
since no =1, and ¢,=1, so that the fundamental system may be considered as 


resulting from the repeated application of the general equation 


a . : 
4 he - -~P \7) 4 l Ni 4 
to a series of instants separated from one another by intervals wu Thi 


single equation goverus all the hydrodynamic phenome na vhich may occur ma 
conduit fed from a_ constant level reservoir and provided at the end with 
an outlet opening of variable cross-section The name of conduit characte 
istic given to p is Justified by the fact that equation [7] expressing it, when intro- 
duced into [9], is sufficient to supply the fundamental system [9] with all the 
characteristic elements of the conduit, viz.: working load and speed y, and 1 
and diameter, thickness and elasticity of the conduit, the latter through being 
contained in the velocity of propagation a. The only element of the conduit not 
2! 
contained in p is its length L, which however serves only to determine 


the value of which determines the rhythm of the interconnected series of value 


of ¢ It is therefore shown that the relative value of the intensity of the water 
hammer, which is the real object of investigation, depends not only on the laws 
of variation of the outflow openings (contained in 7), but also on the character- 
istic p, and it becomes, conseq ue ntly Important both to establish the actual 


significance of this characteristic, and to fix the limits of numerical values which 


it may have within the limits of technical application. The article is to be 


continued 


Internal Combustion Engineering 


ECONOMIC LIMITS OF GASIFICATION OF Low GRADE FUELS ( Wirtachaftléiehe 


Girvenzen dey Vergasung mindericrtiger Brennstoffe I> Bartel Feu (NUS 
technik, vol. 1, no. 20, p. 363, July 15, 1913. 1145 pp. ga) rhe editors of 
the publication state in an introductory notice that they do not agree with 
the views expressed in the articl The author does not believe in the 
wide application of gas producers and gas engines in large power plants 


even though the gas engine appears to convert into power a larger per 
centage of the heating value of the fuel than the steam turbine (24 pet 
cent as against 20 per cent) Aguinst the success of the gas eng 
tates the fact that it cannot be operated efficiently in units irger than 
»,.000 Lop. or say S500 kw The speed of large 


fas engines is S7 to t44 1 1) 


Which is ridiculously low if compared with the speed of steam turbines 


(5000 rpm. for units under GOOO kw.. and at least 1000 r.pam. for larger 
units). It is therefore easy to understand whv gas engine plants cost se 
much more than steam engine plants, the first cost of the plant being ofter 
nearly treble. (Table 1.) 

Altogether the cost of nstalling a plant of 4500 kw. driven by gas 
engines is about 2.000.000 marks, and only half as much with steam tun 


bine drive, so that the cost of generation of power in the first ease wi 
be from 15 to ZO per cent higher than in the second case eren if gas Ie 
obtained § free as a thu product of aqnothe) manufacture As a matter of 


fact, however, the connection between by-product manufacture and power 
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generation is such as to prevent efficient development of the latter, owing 
to variations in the power load during the day, and its almost entire fall 
ing off at night: the gas has therefore at times either to be blown off into 
the atmosphere, or stored in gasholders, neither of which is likely to 
improve the economy of the plant. The author believes therefore that 


the use of gas from low-grade fuels may it 
the lines of the gas turbine, provided it 
size and cost, and excel it in efficiency ; 


that the combination of the steam turbine 


i the future develop mainly along 


can equal the steam turbine in 


it being however also possible 


and gas-fired boiler mmay present 


another, somewhat devious, but practical solution of the same problem 
The author attaches great importance, with regard to the future field of 
application of gas, to the experiments of Caro and Frank on the produc 
tion of ammonium sulphate, and of Asmus Jabs on by-products of tar 
which, if successful. would reduce the cost of gas so materially as to open 
to it entirely new fields of application 
Mechanics 
EXPERIMENTS ON SHOCK ABSORPTION OF POWER VEHICLES (Versuche iiber 
die Abfederung Kraftfahrzcuid kK. Bobet] The Votormwagen,. vol. 16 
\BLI FIRST COST, IN MARKS, OF PLANT AS FUNCTION OF OUTPUT 
AND DRIVI 
O K . D Gas |] Dr 
2. — 19.000 
" 30M 220.000 
2 nt 1,000 $20,000 
no. 1). p. 467, July 10, 1913. 4 pp... 7 figs. to be continued ©) Phe author 
fully describes and illustrates by figures the test installation for recording 
graphically the shocks, as well as for measuring the stresses produced on 
the various parts of the vehicle. The nature of the phenomenon of shock 
cun be deduced from Fig. 2A It is assumed that the wheel shown in 
the figure rolls along its path with a constant horizontal velocity 
and when at the point 1 meets an obstacle B which it has to jump over 
At the instant of meeting the obstiac le, the wheel has to perrorn a motion 
of rotation about the point C of the obstacle, and if the wheel is equipped 
with rigid tires, and the velocity ¢, remains constant while it clears the 
obstacle, according to the parallelogram of velocities t the instant of the 
contact with B there must appear vertical velocity vy of finite magnitude 
Since, however, at the instant preceding that of striking the obstacle, the 
vertical velocity of the wheel was equal to zero, its vertical acceleration 
must he infinite Actually, the acceleration is finite, because either the 
obstacle or the wheel undergoes changes of shape. and a good way to keep 
the vertical forces in finite limits is to use elastic tires, so as to permit 
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the obstacle partly to penetrate the tire: the vertical forces increase then 
from zero, and impart a gradually increasing vertical velocity to the mass 
of the axle, the wheel and axle executing an oscillatory motion, which 
depends on the shape of the olistacle, and is transmitted to the wagon 
body. In the above discussion it is assumed that the horizontal velocityv. 
of the chassis and axle remains constant even while the wagon passes over 
an obstacle. This assumption is usually correct since the mass of the 
vehicle is so large that the retardation at the instant of the shock may 
be entirely neglected. 

Fig. 2B shows one of the oscillation diagrams obtained, where the curve 
a represents the vibrations of the axle, and b those of the wagon frame 
While ¢ is a curve drawn to the same scale, and showing what the oscilla 
tions would have been if the wheel, equipped with a perfectly rigid tire 
rolled over the obstruction without losing its contact with the ground 
In the latter curve A indicates the instant of first contact between the 
wheel and obstruction, A’ the instant when the wheel is vertically over 
the middle of the obstruction, and A” the instant when the wheel loses its 


contact with the obstruction. The shape of curve c¢ is of course entirely; 


oe ee ae seeztet 
nap aint git 


f 

++ 

tf 

y e 
¥ , 

t stat : i. Sj 
“4 > 
* ~\ 





Fic. 2 Sxsock Vrerations 1s Power VEHICLES 
different from that of a show ¢ the actual oscillations in the case of 
wheels equipped with elastic tires. The gradual rise of the axle is shown 
in the rising branch ABC of the curve a. A considerable vertical velocity 


is attained, which does not become zero until D, corresponding to the in 


stant when the forces opposing the upward motion of the axle have e 


tirely consumed the kinetic energy of the axle, and a downward swing of 


the axle hegins In this downward swing the mass of the axle acqulres 
also a considerable amount of kinetic energy, and consequently moves past 
its position of equilibrium (indicated on the diag \ vy the horizontal 
line). and exerts a certa nount of pressure on the road surface iG 
until all its kinetic energy is consumed by the road resistance. The road 
surface pressure produces a second upward swing G//s followed by a 
series of upward and downward oscillations, gradually decrensing in amp 

tude: this shows that there re constantly acting forces tending to prevent 
the propagation of Ose] latory movements As a seque to vle oscilla 


tions appear oscillations of the frame shown in the diagrat | the curve 











FOREIGN REVIEW 1439 


b; these oscillations, being of a secor dary nature, lag somewhat behind 
the oscillations of the axle (primary), and it is of peculiar interest that 
not Only the first, but the second upward swing of the axle as well mate 


; 


rially affect the magnitude of the vibrations of the frame Since the ab 


scissae represent time, the diagram indicates directly the duration of the 


l 
oscillations; while comparing the durations of oscillations of the axle and 


frame, it should be borne in mind that the axle is a mass oscillating be 


tween two elastic systems, the wagon springs on one hand, and the tires 
on the other, while the frame is supported only by one elastic system, the 


wagon springs; its period of oscillation s therefore usually longer than 
that of the axle. while with the latter the period of the first oscillation is 





hn the average longer than that of the subsequent oscillations ‘The dia 
vrain affords also an easy way of determining the velocity of vibration of 
the axle or frame at each moment, through the fact that the velocity 
ds 
and is represented by the tangent to the oscillation curve 
dt 
| s further of considerable eres » dete e the re e motions 
etwe the vle and frame This may be deduced from Fig. B: the points 
f tersection of the curves a and b indicate moments when the axle and 
f e occupy mutu positions corresponding to their state of equilibrium 
vnen he urve dis hove th urve b hie iXl¢ Ss ser to the frame thal 
e state of equilibrium warrants, while the ) ( of a bel 0 dicates 
heir drawing widet ul Fig. 2C represents a diagra of ‘se relative 
~ ( s VS that thre Vil ms Of These re ‘ ‘ ms of ‘ 
( ad ft ( \ nh respect to one ote ) Ss { n extremely hig 
Spee consideral \ higher than the mAXTWNUM Velocity ol Tie COL MOT t 
. e motions The article is to be continued 
EXPERIMENTAL DETERMINATION OF THE COEFFICIENT OF CYCLIC VARIATION 
(D Cr) telle Bestimmung des Unaleichf6 gkeit wide Wilhelm 
Irie mn Witte snoe he) Forschunagsarbeite aur «de (; [ des fi 
en COSC) ho i, 1913, p. 1. 32 p =» figs ad Zeit Verein 
deutscher Ingeni €, VO 7, no. 2S, p. 1101, July 12, 1915 7 pp. 21 figs 
). The author shows that for gas engines particularly and reciprocating 
eng es generally the theoretical velo« ty diagram derived fro the mass 
netic energ diagram corresponds fairly closely to the tual velocity 
diag as long as there are no elastic elements in the transmissions I 
7 ‘ howevel there Is SI \ ihhier «© ‘ ‘ resent yi 
ducing disturbances ij the vel vy diagram, am ‘ | m is possible 
unless the dvnamis fluences of all such distur ¥e forces e taken to 
i< in SOTLeCTIINES s il the « se oof sl stitede to rsio 1 oscil] 
tions, the production of such distur yf es Ci he sl \ eoreth \ 
but « en there I mitsntive dete nil tle is both diffi | du ertatl 
Generally, however, the forces producing cy: ivintions ca it be deter 
mined theoretically at al ind require some strupm for their deter 
ninaution by actual measurement The author dese es il full a edd 
current tachograph, which he designed for this purpose md which gives 
dingram show - al the variations of velo \ hu dat ’ fests To! 
e coefficient of evclic variations of a 10-h.p. gas engine I" so given 
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NEW METHOD FOR MEASURING THE VELOCITY OF FLUIDS (\ourelle méthode 
de mesure de la vitesse des fluides, Z. Carriére. Comptes rendus de UAcad 
emte des Sciences, vol. 156, no, 24, p. 1831, June 16, 1913, pp. e).  VPitot 
tubes, anemometers and similar instruments may be made to be very sen 
sitive, but they cannot be relied upon for measuring velocities: they have 


to be calibrated empirically, and this is usually done by displacing the 


apparatus at a given velocity in a supposedly stationary medium. The air 
never being perfectly calm, a correction is made for wind. This wind is 
supposed to be feeble, while, as has been shown (Bulletin de Tustitute 
Aérotechnique, fasc. I], pp. 12 and 15), the velocity in 30 seconds may vary 


from 1.50 to 2.90 m (4.26 to 9.51 ft), with a change in direction up to 30 
deg. Under these conditions, the correction made for the action of the 


wind does not correct much, and the calibration is by no means reliable. 


Owing to these considerations, the author worked out ; process of dete 

mining air velocities cincmatically Ly hheorporating ite the air current 
along its axis, a jet of steam under low pressure \ bundle of horizonta 
rays of light is then projected on the jet of steam, after being previously 
condensed by a crystallizer filled with water. The steam jet vibrates 
spontaneously, and takes the form of little Clouds carried by the air. Ind 


vVidually these clouds are invisible, but may be conveniently observed by 
means of a rotating vertical mirror. The apparent trajectories of these lit 
tle clouds appear then as inclined brilliant bands separated from one an 


other by dark intervals, these bands becoming more vertical as the speed 


of the current of air increases, and that of rotation of the mirror dimin 


ishes. Let @ be the angle of the bands with the horizontal, V the velocity 
of the clouds, n the number of revolutions of the mirror per second, d dis 
tance from the mirror to the air current. Then 
J trnd tang 

and since the mass of the steam is negligible when compared with the mass 
of the air which carries it, |} soon becomes equal to the velocity of the 
current of air itself. The velocity of the steam jet must be neither too 
great nor too small, the best velocity being that of the air current itself 


the steam is therefore at low pressure, and may be supplied from a glass 


vessel. It is as a rule not perfectly dry, but that can cause no error, sines 
the water drops have a more horizontal trajectory, and are more brilliant 
than the steam. The author describes in some detail the methods of de 


termining the angle ¢@ and of producing a uniform rotation of the mirror 
The principle of the process described is not new; what is new is the com 
bination of the use of rotating vertical mirrors with the use of a materia 
of nears the same density as air This Process appears to be ELpopoi ie rtole 
only to air or gas currents having a vibration of their own, e.g.. those flow 
ing out through an orifice n Which case, as is known, there is always 

feeble sound of which the height is proportional to the velocity of effluy 


but independent of the size of the orifice. 


Measuring Instruments 
RECORDING LoOap INDICATOI (Pecegistricrondea Beolastunqsans2eige ay, 
praktisehe Vaschinen-houstrukteu vo Hi, no. WS |). (7 (Section Allg 


meiner Teil), July 17, 1915 1 y.. 1 fig. d). It is often desirable to know 
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not so much the actual /oad on the engine, as its variations during a certat 


period 


Phe apparatus here described is designed to satisfy this want It is 


based on the fact that the position of the engine governor corresponds in 


=! ' 
a certain way to the load: in locomotives and marine engines the link mo 
tion does the same thing While th principle of the apparatus is very 
simple, considerable constructive difficulties had to be overcome until a 
reliable apparatus could be produced. In Fig. 3. ¢ is a heavy pendulum 
oscillating in a state of neutral equilibrium, and connected, by means of 
the springs 6. with the driving crank «a, in its turn connected with the 
rovernor: the Springs are so selected as to tuke up the entire weight of the 
pendulum, and thus eliminate friction fo prevent the rise of resonant 
oscillations between the crank @ and the pendulum, the lower end of the 
Springs Is made nadjust ible radia l\ with respect to the axis of the pendu 


lun Thi apparatus shows the time of occurrence and duration of every 








' 
| - 
I Re I I 
Varintion i ond. and mav be applied to stenin engines of all ktnds. whether 
turbines or reciprocating. internal-combustion engines. livdraulie motors 
ete and is particularly recommended for tests of engine efficiencies, to 
show that the entire test was mde at constant ond Ihre heavy ine above 


the recording curve indicates the curve for full load the distunee between 


the nctual curve neach of its positions and the upper full line shows both 
the power reserve ofl the engine it each lustant. and the coefficient of ex 
ploitation of the engine The indications of the load indicator may per 
haps be made still more illuminating if supplemented by a recording admis 
sion pressure gage, and a device for recording the condenser vacuum For 


reneral purposes however the load indicator diagrams will probably be 


sufficient 
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APPARATUS FOR MEASURING THE VIBRATIONS OF SOLID Bopies IN MOTION 
(Apparcil de mesure des vibrations de corps solides en movement, M. Gérard. 
Revue Industrielle, vol. 44, no. 2092/27, p. 366, July 5, 1913 1% p. d). 
Special instruments have to be used for measuring the vibrations of such 
elements of machinery as the chassis of an automobile or wing of an aero 
plane, because there is no fixed support on which to place the registering 
instrument. Bourlet, working in codperation with the Duke of Guiche 
and in his laboratory, has invented a suitable device for this purpose which 
does not require a fixed support. It consists essentially of two manome 
tric tubes closed at one end and interconnected by a rubber tube of suitable 
length. To the flexible membrane of the first tube called receiver is at- 
tached a large and fairly heavy metal disc. This tube is attached directly 
to the vibrating body in such a manner that the plane of the membrane 
is normal to the direction of vibrations. The tube will then take part in 
the vibrations of the body, without disturbing them, provided its mass be 
small in comparison with the mass of the vibrating body. Owing to its 
inertia, the metal disc will develop, with respect to the tube, a relative osci 
latory inverse motion, and the membrane will thus have a vibratory motion 
of the same periodicity as that of the main vibrating body. These vibra 
tions are transmitted to the second tube, recorder, provided with a stylus 
registering the vibrations on a rotating cylinder. It is easy to see that the 
relative motion of the metal dise with respect to the manometric tube con 
sists of: (@) main vibratory motion synchronous with the motion to be 
registered, and (¥) secondary vibratory motion due to the elasticity of the 
membrane: the apparatus must of course be constructed in such a manner 
as to make the secondary as negligible as possible. This is attained by 
using a thick, well stretched membrane, and a metal disc of large diameter 
covering the membrane nearly completely, and leaving open only a narrow 
circular strip. Tests made with an apparatus constructed in accordance 
with these principles have shown that: (a) the secondary oscillatory mo 
tion is entirely negligible, in fact practically unnoticeable, so that the fre 
quency of the vibratory motion measured and that of the stylus of the 

a 
recorder are equal; (0) fora given frequency, the ratio 7 is constant 


, 


a 
when a is varied (a is the frequency of the oscillations to be measured, @’ 
the frequency of the oscillation of the recording stylus): (c) the damping 
r increases when the frequency diminishes. The apparatus must therefore 
be calibrated so as to determine the value of r as a function of the fre 
quency It has been found that provided the rubber tube be not wound i: 
too many coils, its shape does not affect the action of the apparatus, so 
that, within reasonable limits, it may be coiled and uncoiled. 

Torsion Meters (Uber Torsionsindikatoren. Nettmann. Die Turbine. vol 
9, nos. 18, 19, 20, pp. 3819, 8387, and 355, June 20, July 20. July 5 and 20, 1913 
12 pp., 24 figs. d). Brief consideration of the theory of torsion indicators 


and description of their various types 


Steam Engineering 
ConcERNING BLow1NG-Orr oF Steam Borers (Uber das Abblasen von Dampf- 
ke SS¢ In, W Hopf Zi ils fyi P Dam pt ke gsel und Vaschine nheirieh Vo 356, no 


mis, 
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p. 327, July 4, 1913. 2 pp., 2 figs. p). When the boiler is fed with water which 
is apt to form undesirable deposits, it is an important problem to know how to 
keep the contents of soluble salts in the water in the boiler » as not to let them pass 

ermined limit, and so keep them from forming deposits on the 


rede 


a certain Pp 
boiler shell and tubes 
not be don 


Blowing-off a boiler is always an expensive proceeding, 
han is absolutely necessary. The permissible 


basis of various con- 


oltene! 
is determined on the 
of boiler, dem ind on the 
in running the 


and must 
boiler 


‘ 


boiler water 
the water 


contents of salts in the 
as analysis of typ 
finally experience 


such 
ol steam ind fina 


siderations, 
load, use 
to determine when to blow- 


Variations ol 
feedwater in grams 


plant, 
The following : 


particular plant 
off the boiler Phe 


soluble 


ibstract shows how 
notation used is contents of salts in 
considered maximum permissible 


liter; J tot 


ntitv ot wate ey 


pel lite r (only salts be Ing here 
contents of salt in boiler water in EZrams per il boiler capacity in liters, 


iporated in the boiler pet 


ter 


with water up to normal level qua 


ut o 
~ 





Wa 4c 
| 2 fo ¥ '.) > } 3 
hou ter The time ¢ in hours within which tl ontent of the boile: 
water will reach the maximum permissible amount ean be determined from 
the following equations 
J J+Z 
P J 

\) 
Th now he time withu by the he he r re hic ne per 
missible n imum content of lepend the ) l mn the 
When the water in the boiler re he the dangerou 
soon restores the 


other independent variables 
. oe blown-ofl 
nt in the boiler 


Meanwhile the sa 
« continues 


the evaporatio1 


limit, part o and the fresh w 
is below the 


former level in the boiler 
gradually as 


iximum, but rises to it 


ximum is reached, a new blowing-o 


liters the perio 


tl become < 


permissible n 


ind when this n 
ot water 


blown-off be expressed 1 


the amount 
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blow-offs, presumably equal, may be determined from the equation (assuming 
for simplicity’s sake, that the blowing-off is instantaneou 

Zm- Jd —Zm- +25 (a+8 . th) J 
which is true since the salt content in the boiler water at the end of the blow-off 


period must be equal to that at its beginning. Solving this equation for f; and 


a 
the following is obtained: 
f 
ad 
a a / ( a f 2 
l 
a 
; ] ’ 
The quantity of water to be blown off after a given time depends therefor 
the amount of water evaporated in that time and on the ratio , but not or 


the capacity of the boiler. The quantity of the water a will be established by 
the size and type of boiler, at the time of its construction, and equation [3] wv 
h ns 


( ippucat 


give the best intervals for blowing off the boiler. To simplify t 


of these formulae, Fig. 4A and B are given In Fig. A — indicates how 1 


times the salt content in the boiler water exceeds that in the feedwater show 


in how many hours the entire water in the boiler will be evaporated, whil 
gives the number of hours in which the content of salt as present in the feedwater 


21 a 
will be intensified times. Fig. B gives values of for various ratios of 


and quantities of steam generated per hour s, the latter from 1000 to 15,000 | y 
per hour. It is easy to redraw these graphs to American units, by remembering 


that 1 kg =2.204 Ib., and 1 liter =0.264 gal 0.035 eu. ft 


RESISTANCE TO THE FLOW OF SUPERHEATED STEAM IN SMOOTH AND Cor- 
RUGATED EXPANSION Pipes (Leitungswiderstand viberhitzten Dan 
und in gewellten Ausgleichrohren, C. Bach and R. Stiicke Zeit I, Vy 
deutscher Ingenieure, vol. 57, no. 29, p. 1136, July 19, 1913. 8 pp.. 16 fig 
Data of tests made at the engineering laboratory of the Technical High Schoo 
at Stuttgart, Germany Five extension pipes were tested, two smoot] nd twe 


corrugated, with and without lagging; foun of these pipes had the imside ¢ meter 


about y Mie in 55 to 56.5 mim while one corrugated had in ins d LAmeter 
tin. (100 mm \ complete description of the method of test given in the 
original. The author starts from the general formula of resistance to flow 


} 
j cr 


> 


H 


) 
ad "I 


where \ is an experimentally determined general coefficient of re tance to flow 
l length of pipe along the axis d inside diameter of pipe: ¢ velocity of flow in the 
pipe; g=9.81 (all in metric units); for the height of liquid column H is ther 


H 


substituted in this formula the pressure fall p where pre ire fall 
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Paris, found by tests that when holes are drilled and then reamed in soft 
steel bars, the metal materially increases in strength, the average limit of 
elasticity improving 12.3 per cent, and the average tensile strength 9.2 per 
cent. The author gives the following explanation of this phenomenon. In 
putting together the parts of a test piece broken under tension, it is found 
that the two ends do not coincide; and that, while the edges make a good 
contact, the central parts do not, this indicating that the rupture begins 
at the center, and that the edges have a higher tensile resistance than there 
is along the axis of the bar. Therefore, if there are several holes drilled 
so as not to injure the material too much, as might be the case with punch 
ing, the average tensile strength of the section across the holes, per unit 
of metal, will be higher than before the holes were drilled, since each hole 
creates, so to say, additional edges. To show these differences better in 


the elongation of the various parts of the test bar, from axis to edge 


parallel lines were drawn on a soft steel test piece (without holes), normal] 


to its axis, and at a distance of 10 mm (say 0.2 in.) from one anothet 


After rupture these initially parallel lines looked as shown in Fig. 5, drawn 
to scale. The limit of elasticity of the material was exceeded in every part 
of the piece at the time of rupture, and the parallel lines ceased to be par 
allel in every part of the bar except its ends. Near the section of rupture 


the lines are concave towards the rupture, elsewhere convex. In genera 


this shows that rivet holes when properly made do not lower the tensil 
pro] . 


strength of the riveted piece in proportion to the reduction of section 


Fia. 5 DiIsTRIBUT N OF [TENSILE STRESSES IN Sor STEEL B 


ELECTRICAL ATOMIZATION OF METALS FOR METALLOGRAPHIC INVESTIGATIONS 
(Dis el ktris¢ he Zerstaubung on Metallen won Ziweck metallographische 


Untersuchungen, G. Goldberg Dinglers polytechnisches Journal, vol. 328 


no. 27, p). $17, July 5, 1913 2 pp dq). Description of the Svedl rg process 
for the atomization of metals by transferring them into a colloidal solution 


for the purposes of metallographic investigations. The electrodes in the 


form of cylinders of about 6 mm (0.23 in.) in diameter made 


of the meta 
to be investigated are fixed in the clamps of a spark micrometer at 


a dis 


tance of approximately 0.25 mm (say 0.01 in.), the whole being submerged 


in a vessel containing some liquid of solution (ethyl ether was used by 


Svedberg usually, though it has been found that the nature of the liquid 


does not essentially affect the course of the reaction). The electrodes are 


connected on one hand with the secondary circuit of a Rumkor 
coil (spark about 50 mm (1.2 in.) long, and on the other hand with 
shunted-on Leyden jar of considerable capacity (say 0.0045 microfarads) 
Svedberg has established that for the most effective atomization the capac 


ity must be as large, and the self-induction, ohmic resistance, and 


of spark as small us possible. The colloidal solution obtained by this 


method may be further investigated by an ultramicroscope, while the ele 


trode face may be submitted to the usual metallographic analysis even 
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though, after the atomization, it has a rather rough appearance. The action 


of the spark produces on the fa 


e of the electrodes a number of little 
craters, with generally one of larger dimensions, this being probably the 
starting point of the main spark discharge. These craters have different 
appearances for different kinds of metals, and, e.g., in the case of several 


test-pieces of electric steel, it las been observed that the size of the crater 
nereases with the carbon content in the steel The cementite contents and 
slag inclusions could also be easily estimated in a similar manner. The 


quantity of metal atomized was in all cases found to be proportional to the 


square of the current. and the loss 


in weight of the electrodes independent 
of the direction of the current 
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NECROLOGY 


WALTER S. BROWN 

Walter S. Brown, who was drowned while canoeing on the 
Lehigh Canal, July 13, 1913, was born in St. Louis, Mo., on De 
cember 30, 1871, and received his technical education in Wash 
ington University. From 1892 to 1902 he was connected with 
the St. Louis waterworks, first as draftsman, and then as as 
sistant mechanical engineer in the construction and testing de 
partment. During part of this time he served as first heutenant 
of the volunteer engineering reginent in the Spanish American 
War, returning from Cuba after the war in command of his 
company. 

In 1902 he removed to Bethlehem, Pa., to become engineer 1n 
the power department of the Bethlehem Steel Works. and held 
this pe sition at the time of his death. Mr. Brown was a member 
of several masonic and benevolent orders. 

WILLIAM MASON 

William Mason who until his retirement from business a few 
vears ago was master mechanic of the Winchester Repeating 
Arius Company, of New Haven, died in Worcester, Mass., on 
July 17, 1913. He was born in Oswego, N. Y., on January 30, 
1837, and early showed his natural taste for mechanics. His 
training for his profession was obtained through apprenticeship 
as a patternmaker and machinist, his first connection being with 
the Remington Arms Company at Ilion, N. Y. After a long 
association with this company he resigned to enter the Colts 
patent firearms works at Hartford, and later the Winchester 
Arms Company. 

Mr. Mason was the inventor of many appliances for looms and 
weaving, steam pumps, bridge work, and for arms and ammuni 
tion and the machinery connected with their manufacture, and 
also assisted in the design and construction of the Knowles steam 
pump and Knowles fancy looms. He was a member of the 
Union League Club, New Haven, and also of a number of scien 
tific societies, 
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POSITIONS AVAILABLI 

714 Editor, aggressive, energetic young man of technical training, famil 
lar wit publishing business. Salary $25-840 a eek, depending upon exyx 
rience. Location, New York. 

(2 rechnical graduate for sales department. Prefer if possible a man 
who has had a few years’ experience with engines or boilers Good chance 
for l nceement for the right man. Location, Indiana 

(22 esigner and engineer having experience with fou ilve engine 
desig construction and operation 2-) Veurs of age Salary $1500 to 
SISO0O. Location, New York State. 

725) «~VPartner, who can furnish necessary capital and who is successful 
salesman of boilers, to assist in development of a new water tube boiler 


of unique design, capable of good efficiency in’ all sizes from 100 h.p. up 


ward; especially adapted to mill and blast furnace, central station and 
other operations requiring large units: some installations now operating in 
highly satisfactory mannet Ready for development on a large scale and 


now estimating on other installations. 


<2 Man with executive ability and good knowledge of building work 
of all kinds. both i steel, brick and reinforced conerete, versed in mechan 


eal, electrical engineering and hydraulies 


way engineer to onerate steam railroad. electric power plant, saw mil 
ogging machinery, ete. Location, North Carolina Salary S250-8500 
726 New Yor co ern desires to establish additiona igencies in the 


following cities Concord, N. H.: Burlington or Rutland, Vt.: Boston 
Mass. ; Springtield or Worcester, Mass.; Albany, N. Y.:; Utica, N. Y.: Syra 
cuse, N. Y.; Rochester, N. Y.: Trenton, N. J.: New Haven, Conn.: Hartford 
Conn.; Harrisburg, Pa.: Seranton, la,; Providence, R. I.; Washingtor 
», Phese agencies uld be handled by men representing other concerns 

SOL) Member, or member's son, with business ability and $10,000 can 
secure equal partnership with full financial control and management in 
hew concern, to engage in the manufacture of a complete line of machinery 
fully covered hy patents. Sales in the last three years, $100,000, 

SO2. Large eastern university desires five instructors in mechanical en 


gineering and mechanical engineering laboratory: three justructors in ele 
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trical and electrical engineering laboratory and one instructor in drawing 
and design. 

S05. A man of experience and ability to organize a repair department 
of about 150 men; in charge of machinery in a plant employing about SOO 
men and representing an investment of between three and four million 
dollars. Salary $4000, Location Middle West. Apply through the Society. 

S04. Engineer with experience in heat, light and power work; 355 to 40 
years of age. Salary $2500-83000, Location, Philadelphia. Apply through 
the Society 

SOS Instructor in mechanical engineering for one of the larger enginee! 
ing institutions. Practical experience in the field. Salary $1500 for year of 


12 months. 


SOG Instructor in machine shop practice wanted in western universit 
school of engineering. Technical graduate preferred, but not) required 
Shop experience pecessary Will be required to instruct i modern shop 
methods, cost systems, standardized production, et Some time to be «de 
voted to instrument making Salary S1Z00 or more to mn of wide «¢ 


perience, 
MEN AVAILABLI 


13 Sales eng 


neer desires position where on knowledge 0 machiners 


and mill supply trade in United States and Canada is essential: seve 
years varied experience, nine years in selling end experience in corre 
spondence and design of selling contracts. 

194 Junior member, age 25, technical graduate, Columbia University 
1911, desires position either as assistant superintendent in factory 
struction work, or in the heating and ventilating line. Broad experienc 
as factory inspector 

195 Member, technical graduate, desires to secure position as assistant 
to consulting engineer or with manufacturing concern as mechanical eng 
neer and efficiency expert. At present employed Apply through the 
Sor iety. 

iM Young engineer, graduate Stevens Institute of Technology, expe 
enced in electrical engineering in consulting engineer's office Desires t 


change for prospect of advanced work in mechanical lines 


197 Member, age $1, married, well informed and of good address, 
sires change. Thorough operating and commercial experience. Colleg 
trained. Assistant to executive, administrative or general sales officer pre 


ferred. Salary $3600 

19S) Junior member, age 52, technical graduate in mechanical engineet 
ing, experienced in detailing, designing and estimating on steel plate wor 
familiar with boiler shop work, for last six vears assistant manager, wishe 
a position with a company where such experience could be used. 

19) «=Junior member, age 82, graduate in mechanical engineering. expe 
rienced in estimating and designing springs for heavy work and railroads 
Wishes position with a spring manufacturing company. Has also had e 
tensive office experience as assistant manager in other lines 

200 Member, long experience on light and medium light weight manu 
facturing, desires position as works manager or general superintendent 


201 Member, 20 years varied experience in designing, building and 
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Europe and America as mechanic and executive in shop and plant construc 
tion, operation and maintenance, heavy machine building and light high 
grade manufacture. Salary commensurate with position. 

212 Member, 31 years of age, at present employed, technical education 
10 years experience in design, construction, operation, maintenance and 
reorganization of mill, factory and other manufacturing properties. Wide 
experience in the superintendence of central power stations, factory exten 
sion, mill and reinforced concrete construction work. 

213 Engineer, eight years experience in mechanical, electrical and con 
struction work, desires a position leading to one of responsibility. 

214 Member, age 54, has had charge of the design and equipment of 
the locomotive and car repair shops of three large railroads; also of power 
house work for trolley lines; for five years superintendent of bridges and 
buildings for a large eastern railroad. 

215 Junior member; married, desires position as superintendent or 
business manager, preferably with an educational or medical institution 
Seven years ii) present position as assistant manager of an important New 
York institution. Experienced in employing, organizing, purchasing, pla 
ning and supervision of building construction. Also five years of practical 
engineering experience. Salary dependent upon opportunity. Very best 
of references. 

216 Graduate mechanical engineer, age 36, desires permanent position 
in or near New York. Excellent experience in engineering, purchasing 
and sales work with consulting, manufacturing and selling concerns \t 
present employed in executive sales position, but desires to change for bet 
ter and more permanent work 

217 ~=Factory manager or superintendent thoroughly familiar with mod 
ern machine shop practice, and production, capable of taking fu charge 
of manufacturing plant, open for engagement after September 15, 

21S Junior member, age 24, desires position as engineer, consulting o1 
designing preferred. Experience mostly practical 

219 Memler, graduate mechanical engineer, now eny 
change; 15 vears experience in design, construction and maintenance of 
power and heating Plants, industrial plant equipment and cost estimat 
also familiar with design and manufacture of automobiles. trans: 


and hoisting machinery; several years shop training Chief designer f 


bili 


tory engineer or superintendent ; would also consider teaching position with 


° ori mori . : ] 
large engineering school, 
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E. P. WorDEN L. H. THuLLEN 
St. Louis San Francisco 
E L. OHLE, Chmn. A M Ht NT, Chmn. 
F. Ek. Bauscn, Secy T. W. Ransom, Secy 
F. N. Jewetr W. F. Duranp 
JoHN HUNTER E. C. Jones 
L. C. NoRDMEYER Tos. MorrRIN 
LOCAL MEETINGS OF THE SOCIETY 
Boston New York Chicago 
Henry Bartietr,Chmn. F. A. WaLpron, Chmn Pau. P. Brro, Chmn 
R. E. Curtis, Secy EDWARD VAN WINKLE, Secy. C. W. Nayuor, Secy 
H. N. Dawes R. V. Wricut, Treas C. R. Brrosey 
W. G. Snow H. R. Cosieics W. B. Jackson 
A. L. WILLISTON J. J. SWAN A. W. Mose.ey 
Philadelphia New Haven 
A.C, Jackson, Chm? E. S. CooLey, Chmn. 
D. R. YARNALL, Secy } H. Lockwoop. Necy. 
J. E. Grpson I’. L. BigELow 
W. C. KERR L. P. BRECKENRIDG! 
T. C. McBript H. B. SARGENT 
OFFICERS OF THE GAS POWER SECTION 


Chairman 


Secretary 





F. R. Hurron Geo. A. ORROK 
Gas Power Executive Com- Gas Power Literature Com- Gas Power Membership Com- 
mittee mittee mittee 
C. H. BENJAMIN (1 R. B. BLOEMEKE, Chm? A. F. StituMan, Chmn 
W.H. BLavuve.t (3 A. W. H. Griept H. V. O. Cogs 
W. D. Ennis (5 W. F. MonaGHAN J. H. LAWRENCE 
H. J. K. Freyn (1 W.5S. Morrison F. S. Kine 
F. R. Low (2 S. I. OgsTERREICHER J. H. Norris 
1. E. Mouttrop (4 H. G. Wor! G. M.S. Tart 
H. H. Super (1 J. D. SHaw 
H. W. ANDERSON 
C. D. Smits 
Gas Power Committee on Meetings 
Wm. T. Macruper, Chmn. E. D. Dreyrus NisBET LATTA 
W. H. Biavve.t A. H. GoLpINGHAM H. B. MacFarLanp 
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Note—Numbers in parentheses indicate number of years the member has yet to serve 
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APPLICATIONS MUST BE FILED BY 
SEPTEMBER 25 


The season of the Society's greatest activity is about 
to begin, and this vear a program has been planned that 
will be of great value and interest. 

Those who are desirous of participating in the privi- 
leges which the Society offers should file their applica- 
tions not later than September 25 for the following 
reasons: 

a ‘To participate as a member at the Annual Meet- 
ing in December. 

b To be ineluded in the Annual Year Book of the 
Society. 

e¢ ‘To secure the published proceedings of the meet- 
ings during 19138. 

d ‘To participate in the frequent meetings held in 
the principal cities of the country, thereby 
Increasing one’s acquaintanceship, profes- 
sional knowledge, ete. 

Applications received after September 25 cannot be 
acted upon until after the Annual Meeting and will not 
be included in the 1914 issue of the Year Book. 

Applications and information regarding membership 
may be obtained from the Secretary or from any of the 
undersigned. 
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I. | Mounttrrop, C/ 


:m. Veen R. M. Dixon Ki. | WATT 
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C) ay 
Boston, A. 1. WitListon Vi York, J. A. KINKEAD 
Buffalo, W. H. Carrier Philadelphia, T. C. McBrip 
Chicago, Fay WoopMANSE! St. Lou JOHN HUNTER 
Cincinnati, J. T. Faia St. Paul, Max Tourz 
( nd, R. B. SHERIDAN San Francisco, THos. Morrin 
Vichigan, H. W. Apes Seattle, R. M. Dyer 
| Tre A. E. CLuev 








